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Physical Constants 


Gravitational Constant 
Acceleration of gravity 


Earth, mass 
radius 


distance to moon 


distance to sun 


Moon 
mass 
radius 
period 
Sun mass 
radius 
Density of air (at STP) 


Molecular weight of air 
Avogadro's number 
Gas constant 


Boltzmann’s constant 


Standard temperature 
Standard pressure 
Volume of ideal gas at STP 
Mechanical equivalent of heat 
Heat of fusion of H,O 
Heat of vaporization of H30 
Speed of sound in air at STP 
Electron charge 
Coulomb constant 
Permittivity of free space 
Magnetic constant 


Premeability of free space 


„Speed of light 


Planck's constant 


& 


Mass of 


e 


lane 


eo 


Kzy Van 
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6.672 x 10-''N-m'/kg' 
9.80665 m/s? 

5.98 x 10 g 

6.37 x 10'm 

3960 mi 

3.844 x 10% m 

2.389 x 10% mi 

1.496 940"! mi 

9.3104 107 mi 

1.62 mis? 

TBS x 10 kg 

1.738 x10%m 

27.32 days 

1.99 x 10kg 

6.96 x 10% 

1.293 kg/m? 

28.97 kg/kmol 

6.0220 x 102°particles/kmol 
8.314 J/mol-K 

8.206 x 107? l-atm/mol-K 
1.3807 x 10% J/K 

8.617 x 10% /K 
273.15 K 

1.00 atm 

22.415 1/mol 

4.185 x 10° cal 

79.9 cal/g 

539.6 cal/g 

331 m/s 

1.60219 x 10°C 
8.98755 x 10° N. C 
8.85419 x 10? CM. m? 
107 NWD 
an x 107 NA EWA 
2.997925% 10% 
6.6262 x ds -$ 


4.1357 x 10-"5 ev 
l 05459 x 1 5 


eV- 5 
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Conversion to and from the SI System 


A. Conversion to SI 


Name of Unit Symbol Multiple by SI unit 
> ern ER U 


Symbol 
inches in 25.4 millimetres mm 
feet ft 0.305 metres m 
Yards yd 0.914 metres m 
miles mi 1.609 kilometres km 
Square Yards ya? 0.836 square metres m? 
acres 0.405 hectares ha 
cubic vards yd* 0.765 cubic metres m 
quarts (lig) gt 0.946 litres 1 
ounces (aydp) oz 28.350 grams g 
pounds lb 0.454 kilograms kg 
Fahrenheit oF Ü (after subtracting 32) Celsius e 


77 A 11118 


B. Conversion from SI > E: 
SI Unit Symbol Multiple by To find Unit Symbol 


millimetres 
metres 
metres 
kilometres 
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Cold object. Thus heat refers to energy that 1s transferreg 
from one body to another because of difference in tem, 


erature. Heat is not the energy that a body contains in 
it. It refers to the amount of energy transferred from hot 


to a cold body. Once the heat energy 1s transferred t 
the internal energy of the 


body, it is converted in to. 

body The intemal entrayaie—thesum of al l the m icra, 
Stopic kinetic and potential energies of the mole ales 

the body The ST unit of heat, as for any form of energy 

is joule, ~ | 

11.2. Temperature 

If we take two bodies, we can Say by the sense of 

touch whether one is hotter than the other. It is not pos- 
Sible to determine,how much hotter It is at a particular 
Ume than the other. We find that it is not possible to de- 
termine the degree of hotness by sense of touch. The 
Quantitative determination of the degree of hotness may 
be termed as temperature. Before describing the meas: 
urement of temperature it is appropriate here to define 
thermal equilibrium, when two bodies at different temper- 
alures are brought in thermal contac: with each other 
The heat starts flowing from the hot body to the cold body 
til the temperature of the bodies becomes same, then 
they_are said to be In thermal equilibrium, 


11.3. Scales of temperature 
It is not possible to determine the „tempera 


ture of 


Me 


points mu 
tions. The 
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11.4. Thermometric Propertles a 
tance which changes uniformly 


a subs 
with Po o ph temperature is “gues en. 
property.For example the volume of a liqu a ves. tt 
sel.the volume of a fixed mass of gas kept at constant 4 
pressure. the pressure of a fixed mass of gas maintamed 
at constant volume, electrical resistance of a metal are 


some of the many measurable physical properties which 
changes with the change of temperature. 


11.5. Thermal Expansion 
It is a matter of dally observation that in general 
* bodies undergo change in size when they are heated. 
This change in size on heating is termed Thermal Expan. 
sion. Solids, when heated show increase in length, aréa 
or volume. Whereas liquids and gases expand in volume. 
The property of thermal expansion varies from substance 
to substance. When a solid is heated,its molecules vi- 
brate more energetically against the action of inter 
molecular forces producing greater displacement. Since 
the average distances among the molecules increase, the 


size of the solid increases. 
Linear Expansion á 


Expansion in length of solids on heating is called 
linear expansion. The observed expansion in length de- 
pends upon the original length and the change in 


temperature. 


6 Medicos Hub 
Example 11.1. 
A steel rod has a length of 10m at a tempera, 
gth if the tem “t 


25*C.What will be the increase in mpar al 
ture is raised to 35°C.? Given a= 1.1 x 


Solution 
L= IO m 


AT = 35°C - 25°C = 10°C = 10K 


from eq;11.2 
Since AL = L a AT. 
= (10m)(1.1x10°5 K? x 10K.) 


= I. Ix 10 m 


11.6. Volume Expansion 
We discussed above expansion in one dimensi 

only but as a matter of fact the solids expand on ben 

in all the three dimensions 1e. length. breadth and thick 


ness. 
Consider a metallic body of vol 
si ume V at s 
Wal temperature. Hs volume Changes by at Wie 
lemperature changes by AT. It ts found experimental} 


AV œ VAT 


£ or Ab AV = B VAT I. 
where B is a) | | 

a <a constant of Proportionality known as co: 
elMete CEP Jaion, ts unas ¿he N.. 


> 


Clents of linear expansion of the two metals. the metan, 
— the form of a curve and the circuit y 


Thus the current stops flowing through the heating con. 
When the temperature falls, the strip contracts and th, 
P is restored. The two metal strips are very 


contact at 

well joined. Medicos Hub à 

Bimetallic Thermometer: A 60 > 
40 


Similarly a bimetal- 
lic strip can be used to i 
make a thermometer. In ' 
this case ihe bimetallic 
strip often ds in the form of 
a coil, [is one end is fixed- 
and the other end is at- 
‘tached. So a pointer as Bimetallic Thermometer 
Shown in Fig.11.3. This Pol ee 
kind of thermometer is usually used for ordinary, Ak. 


thermometer, oven thermometer, and in automobiles cer 


41.8. Gas Laws 


It is a known fact that gases have no fixed vol: 
umg or shape and their volume can be altered by 
changing the pressure as well as the temperature, The 
behaviour ofa gas can be described with the help of four 


PiS, VE 


10 R 
absolute zero of the temperature: Medicos Hub 
11.9. General Gas Law 

In order to derive general gas law we Make ú 
both these gas laws. Let P. Vi and Tz be the press Y 
volume and absolute temperature of a given samp), p 
à 


gas of mass m. 
According to Boyle's Law, the change in Pres 
from Pz to PI SS accompained by a change in val Un 


from vj lo V. This can be expressed mathematically 


y aE  * | 
Pa > (12.1) 


— E P, P #6 3 


Now by changing the temperature from Tr to 7 
at constant pressure P2 the volume of the gas ch 
from V to V>, then accordi 


lts value, 
ples be- 
3 


12 
ust be forced into the ta 
The mass of air which m nk lg 


(3.50-3.00) = 0.5 kg. Medicos Hub 


Example 11.3. 2 
e — 
Calculate the volume occupied by a gram-mo), of 


t 0°C and a pressure of 1 atmosphere. 
a gas a 


Solution 
P= 1 atm =.1.01 x 105 Nm 2 


T= 00 + 273 = 273 K 
n =] 
R = 8,314 J/mole.K. 


PV=nRT 
1.01 * 105 v 1 8.31 * 273 


"A 1x8.314 x 273 
1.01 x 1 
= 0.0224 m3/mole 
= 22.4 liters/mole as 1m? 
11.10, The Properties of Gases: Kinetic Interpretation 


= 1x10? liars. 
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1 2 
Hence <r BET ANET. e (11.25) 
This equation indicates S that the > average transla 
tional kinetic energy per molecule is | is directly prop Proportional 


To he absolute temperature and it could serve ve to í o define 
Temperature i in terms of mechanical quantities. 


Thus Eq.11.23 shows that | if ye v“ remains constant, 
the temperature remains constant "which is the cond, 
tion for Boyle's Law. 


From Eq 11.23 and 11.25, we have 


N 
* KT AB ON Y Bienen een (11.26) 


is a constant, 


If is constant, the factor 
thus V œ T, which is Charles's Law. 


11.13. Specific Heat Capacity 


It is found experimentally that one kilogram of 
copper requires considerably less amount of heat to raise 
its temperature by 1C than one kilogram of water. Like- 
wise one kilogram of paraffin requires about half as 
much heat to raise its temperature by 10 a as Gong | one 


equal amounts of different subsi 
amount of heat when heated t 


ture, If a body of mass is ne 
rises frome 3:10 EH and 
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whereas specific heat capacity ¢ = — mat 
at temperature T. 

The value of specific heat of water is 4200 y 
kg 0 Specific Heat 15 A characteristic of the materia! 
of which the-Substance Is made ol. The values of specific 
heat of different materials are given in the table 11.2. 


TABLE 11.2. P 


Specific Heat of some Substances 


Specific Heat 
J kg”? K 


Substance 


903.00 


> Aluminium 

. Carbon 508.200 
Copper 386.00 
Iron 499.800 

: Lead 128.106 
Mercury 138.600 
Silver 230.00 
Tungsten 134.800 

4180.00 

Ice 2100,00 


BP O! 


11.14, Determination of the Specific Neat Capacity 

The nethod described below is known as the 
method of mixtures and Is regarded as the most funda- 
of determining the specific heat capacity 
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19 o 
hotter one loses heat and the cooler one absorbs heat * 
until both finally attain me same temperature. 


The specific heat of the substance of known mass 
and temperature is determined by mixing it with liquid 
of known mass and temperature in a vessel called calo- 
ameter of known mass and temperature. The final 
temperature of the mixture is measured. The ‘specific 
heat capacity of the substance can be calculated from 
the given data. The following example will further illus- 
trate the method of mixtures for calculating the specific 
heat capacity of a substance, 


m e: EA 


Example 11.5. 


A 50 gram piece of metal is heated to 100°C and 
then dropped into a copper calorimeter of mass 400 
gram containing 400 gram of water inilially at 20°C? If 
the final equilibrium temperature of the system Is 
22.4°C, find the specific heat of the metal. Specific heat 
of copper is 386 J kg! KS 


Data 
my = mass of Metal = mm = 50g = 0.05kg 
e = Specific heat of the metal c=? 
Ty; =Temperature of the metal piece Tm = 100°C 
Tp = Final temperature = Tp = 22.45 
My = Mass of water | 
m. = Mass of Calorimeter 
C = Specific Heat of Wi 
Ty = Initial temp: of w 
c= Specific heat of | 
Solutions From the lav 
Heat lost by metal =H 
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Mm X € X (Tm -Tp) =mw X Cw(Tr - Tw)+mc c(Tp . Ty 
OSE xcx(100-22.4)K=0.4kg x42003/kg K 22. 4.25 
+ 0.4 Kg x 386 J/kg K (22.4-20) 


CE 1134.68 1 / KK 


11.15. Molar Specific Heat 

AS a matter oí convenience mole is often 
describe the amount of substance. One mole of any 
stance Is defined as the quantity of matter such that i 
mass in gram is numetically equal to thé MGlecy),, 
weight N. If n is the number of moles and m iS the mag, 


in gram of the substance, then 


n= m/M la 
or DR IDEE DEE, sehe. (1 1.28) 
For specific heat we have the relation 
c= 40 | 
77 — 11.29 
n we the mass m in 11.29 by nM from 11.28, we 


© = AQ/nMaT 
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by the gas on the piston is F= PA. Now 


l 
hat the gas expands slowly, till it attain, 
equilibrium state. 


AS the 


force exerted 
US assume t 
the 


piston moves up a distance Ay. as shown ty 
fig. 1.6(b) the work done by the gas on the system is 
AW = FAY = PA AY 
Since AAY Is the Increase in volume of the Bas, Av. 
we can express the work done as 
AW = PAV - (11.31, 
\ 
P 


17. 


If the gas expands, as in Fig. (11.7) then AV is positive 
and the work done by the gas 1s Positive, whereas if the 
gas is compressed AV 18 negative, indicating that the 
work done ‘the gas is negative. (in the latter case. 


egalive wo dean interpreted as work being done on 
J. Clear] 


the system work done by the System Is zero 
when the vo] ame remains constant, 


Ine total work done 
the ga f can be 
4 


— 


uung 
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Now this System is changed from 
1 to the final state V but 
procedure Is repeated many 
AQ - SW comes out the sam 


4Q is the energy added to the system and W is 
equal to the energy that has been extracted, from the 
system by the performance of work. The difference AQ 
- åW which is retained within the system is the change 
in the energy of the system. It follows that the initial en- 
ergy change of a system is independent of the path and 
is therefore equal to Uj, internal energy of the system In 
state T minus the internal energy in state “1” or Ur - U; 
Therefore, it follows that 


AQ - SM = Ur - EEE E EI 


The change in internal energy of a system in any 
process is equals to net heat flow into the system minus 
the total work W done by the system, 


Medicos Hub 
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This ts the form of Ist law of thermodynamics In an isy, 
baric process. 


10, N.. J.) 15 %,. 
T 


I ‘ 
i 4 

1 
i 
í U 
A ‘ 
1 4 

4 
H N 


— — 
¿pan 
UNE 
* i? Aa 
2881 
A Pp 


: 37% 
x at Y ’ al 


2 


RT 


= 


Fig. (11.8) abe 


2. Is ochorle Process 


Isochoric process is defined as that process in 
which the volume of the system remains constant. 


Consider a cylinder {ited with a piston containing a 
certain amount of gas. It is heated by supplying an 
amount of heat AQ keeping Its volume fixed, During this 
heating the pressure of the gas increases from p, to Pa 
(Fig.11.9), Since there is no change in the volume of the 
gas. so the work done W is zero. From the first law of 


thermodynamics, putting W = 0, we get 
bati — oth "de 
Q 4 Uz -U, = 4Q (Isochoric process) 
p  AU= AQ e h Na A 
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3. Isothermal Process 


If the temperature of the system remain constant 
throughout the process. it is called an isothermal pro- 


| A 


cess. 
(., u. 7) 


Ww 


(AM TD 


S — 


The pressure, temperature and volume of a gas in 

a cylinder is shown in (Fig.11.10) by point A. The cylin- 

der has a heat conducting base and ron conducting 
walls and piston and it is placed on a heat reservolr, a 
body of large heat capacity at a constant temperature T}. 
If the pressure of the gas in ihe cylinder Is decreased by 
decreasing the welghts op the piston there should be a 
fall in temperature. But since the system is perfectly 
conducting to the reservoir it will absorb heat from the 
reservoir and maintain a constant temperature from A to 
B. In order to keep temperature of the gas constant. the 
changes in its pressure and volume must be carried out 


very slowly. 
The internal energy 


Medicos Hub 
4. Adlabatic Process 


The process in which no heat flows into or out of 
the system Is called an adiabatic process. During an adi 
abalic process, the working substance 1s perfectly 
insulated from the surroundings such that it does not 
exchange heat energy fromethe-surroundings. However, u 
a process such as compression or expansion of a gas 18 
done very quickly, It will-be nearly adlabatſe because the 
now oſ heat into ot out lof the system requires [Dite time, 


If the pressure ts Suddenly reduced on the piston, 
the gas expands rapidly pushing the piston up and the 
temperature falls. As no heat exchange can take place, 
the first law of thermodynamics reduces to 

AU = - AW LA 


A curve between pressure and volume during the adia» 
Batic process Is called an adiabatic curve or an adiabatic 
as shon in Fig. 11.11. 


A (Pi, VI) 


(Pz, Va, T 
| B 2, V2. 1) 
x : 


Fig. (11.11 ) 
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molar heat capacity) Is different. Only two kinds R: 29 
heat capacities are important for gases, molar 


namely, th 
constant volume Cy, and that at constant pressure Cp i 


Let us consider à piston “cylinder arrangement 
having a certain number of moles of an ideal gas. The 
cylinder is placed on a heat reservoír, the temperature of 
which can be ralsed or lowered as needed. The gas has a 
pressure p such that its upward force on the frietionless 
piston just balances che weight of the piston and its 

Joad. 

Fig. 11.12, shows two isotherms of an Ideal gas 
at temperature Tand T + AT. Suppose that the gas is 
taken along the constant pressure path a — b in fig- 
ure (11.12). The temperature also increases by AT 
along this path. The heat transferred to the gas In this 
process is given by AQ = nCp AT, where Cp is the molar 
heat capacity a! constant pressure. We note that the vol- 
ume increases in this process. We call this increase as 
AV: So the work done by the gas Is W = PAV. Applying 
the first law to this process, we have 


au- AQ- AW. 


nN PAY --r--2 EEN 
==, p N A: ) * ab a A 4 N 


* 

i 4. 

— LE AN 
7 


e| >~ 
ta: 


ELN 


— * e 
— — N Y 


9 E 


> 


I 


» 


3 E er $ 


è 
a 
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Apply the equation of alate Py = nitr to the constan, 
waste procesa a „ b. For P constant we have, ta. 


ing PAV u HRAT, Pq. (11,90) reduces to 
AU «1 Cp AT = nn AT 
Let us consider the constant volume process that carrie, 


the system along the path a —+ c (Fig. 11,12), By den, 
nilien Q = n Cy AT, where Cy ia the molar heat Capac 


at constant volume, 


Also since (AV = 0, so AW 
fore from the frat law of thermodynamics, 


= p AV) 16 also zero. There, 


Q =W= AU. We have 
ôU en Cy AT 


substituting this into equation (11.39), we get 
n Cp AT = nC, AT + nRAT 


Which gives 
C, e. e — (11.40) 


This expression applies to any ideal gas. It shows thal 
the heat capacity of an ideal gas at constant pressure is 
greater than the heat capacity at constant volume by an 
amount R. the universal gas constant (8.313 J mol. K.) 


11.21. The Second Law of Thermodynamics 


= Any device which converts heat into mechanical 
\ energy is called heat engine. The essentials of a heat en- 
gine are the furnace, "body, the working substance 
a conde or cold body. In a steam engine, the 
= 12 ed: u + Converts some of It 
j aby ap o the piston and rejects 
the rests to t condenser, The Point to note is that the 
furnace Is at a highe emperature than the condenser 
onvers' on a dat ir 0 y ~ rk 1: po 
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st b 
bodies mu e maintained at different iem 31 
Peratures 


the working of a heat e 

work has never yet Er Peg o e 
of heat otherwise we could build a a A Single Supply 
far more heat In the ocean water en Would use 
fuel. This leads to the first way of oe needing any 
of thermodynamics due to Kelvin. E the second law 


It is impossible to derive a e 
work by cooling a body to a tempera 
of the coldest of its surrounding”, 


ontinuous Supply of 
ture lower than that 


Let us consider the fact that : 
built a refrigerator which will work Ja e > = 
energy. A refrigerator is essentially a machine for ey, 
ing heat from one body at a lower temperature to 
another at a higher temperature as shown in Fig 11.13 
(b). In other words, it is only possible to make heat flow 
from a cold body to a hot body by using up work. The 
statement of second law of thermodynamics due to Clau- 
slus comes from the consideration of this fact of 
refrigerator and it Is stated. 


Hot body, a heat reservoir 
at high temperature T; 


Perfect heat 
engine 


Cold body, a heat reservoir 
at low temperature. T, 


Q; 
Cold Body 


are equivalent t 
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also. we bose to be false, the other must be false 

? uppose that Kelvin's statement Is false then we 

Could have a heat engine which takes heat from a source 

and converts it completely into work. If we connect this 

Perfect heat engine, to an ordinary refrigerator we can 

take heat from the hot body and convert it completely 10 

work. This work can be used to operate the reirigerato, 

which conveys heat Trom the cold body to the hot body. 

/ The net result is a transfer of heat from a cold body toa 

Y (hot body without the expenditure of work which is eon. 
trary to Clausius' statement. 


According to Kelvin statement, an engine, when 
zonverting heat Into mechanical work, can not convert 
“all of it Into work. A part of the heat must be rejected to 

ac | | In other words, it is im- 
possible to device a machine that would have an 
efficiency of 100 percent, even though the first law will 
be satisfied. 


11.22, The Carnot Engine 


The law, governing the conversion of heat into 
work are investigated by considering an ideally simple 
heat engine conceived by French Engineer, Sadi carnot. 

\ It consists of a hot body of Infinite thermal capacity, a 
à similar cold body. a perfect heat insulator, and a cylin- 
der fitted with a piston enclosing any working substance. 


The cylinder has a heat conducting base and non con- 
e. w Yy >~ | 


d 


ducling walls and Bin 1 ı Y 


AUS 


23 A 


' 2 · T1 ) 


Y, „ T ) 


$1 — 35 
l 
1738 


— 


423 = 100/423 = 236 
efficiency = 23.6% 
11.23. Entropy and the Second Law of There E 


ENTROPY 

We introduce here another new concept known as 
entropy. We may say that entropy is a measure of molec- 
ular disorder and in any process the entropy increases 
or remains constant, that is the disorder increases or re- 
mains constant. 


In order to explain this let us consider a large 
number of molecules of a gas confined in an insulated 
cylinder fixed with a removable partition as shown in fig 
11.16 (a). To start with all the molecules are confined in 
a volume V = VI we say that the molecules are localized 
within a volume V. Suppose now that the partition Is re- 
moved. The molecules instead of staying confined to 
volume V, now occupy the whole volume Va = W. as 
shown in fig 11.16 (b) and are less localized then they 


- . — | 
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TA Tho nal body temperature is 98.4 F. What 
is this temperature on Celsius scale? 


At what temperature do the Fahrenheit and 
Celsius scales coincide. Ans - 40°, 133 


A steel rod has a length of exactly 0.2 cm at 
30°C. What will be its lenght at 60°C? 
(Ans: 0.20066 cm), 


fis) Find the change in volume of an aluminium sphere 
of 0.4m radius when it is heated from 0 to 100°C. 
{ Ans: 0.0019 m?). 


11.4 Calculate the root mean square speed of hydrogen 
molecule at 800K. (Ans: 3158.6 ms‘). 


N. S. a) Determine the average value of the kinetic en- 
ergy of the partieles of an ideal gas at 0°C and at 
50°C. 


(Ans: 5,65 x 10 /, (6.68 x 102 


> b) What Is the kinetic energy per mole of an ideal 
gas at these temperatures 9 


Mos pr qe 5 J/mole), (4026.2 J/mole), \ 
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AN There is an increase of Interna] en 

v4 joules when 800 joules of work is — 
tem. What is the amount of heat Supplied seit 
this process? (Ans: 1200 J). 

11.9. A heat engine performs 200J of work in each cy. 
cle and has efficiency of 20 percent. For each 
cycle of operation a) How much heat is absorbed 

‘and b) How much heat is expelled? 


7 8) (Ans: 1000 J) (b) (800 J) 
AO. A heat engine operates between two reservoirs at tem. 
| peratures of 25°C and 300°C. what is the maximum 
efficiency for this engine? (Ans: 48% ) 


11.11 me low temperature reservoir of a carnot engine IS 
at 7°C and has an efficiency of 40%. It is 8 
increase the efficiency to 50%. By en Sa 
(grees the temperature of hot reservo icreased. 
N 8 (Ans: 93.4 K 
P y ' 0 * | ‚gs J | 
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Chapter 12. 
ELECTRO STATICS 


12.1 Electrons and protons are characterized by a 
property by virtue of which they exert forces of altraction 
and repulsion on one another. This property is called 
charge. On rubbing a body with a suitable material both 
Zacquire equal amounts of opposile charges due to trans. 
fer of some outer most loosely bound electrons ſrom one 
body to the other the electric charge Is. therefore, con- 
served. In this chapter we shall Investigate quantitalively 
the force exerted by one charge over another. and the 
potential at a point in the neighborhood of charged body 


and charge storing devices etc. 


12.2. Coulomb's Law 


The first experiment to investigate quantitative 
law of force between localized charges was carried out by 
Cirarles Augustin de Coulomb in 1784. using a torsion 
balance. The results of the experiment can be stated in 

| the form of a law called coulomb's law. The electric force 
between two static point charges varies directly to\the 
product of charges with each charge and inversely with 
the square of the distance between them. If q, and q, 
are two he ta abn distance “r° apart as shown in fig. 
IDN. 4» dos: & | 
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* 
= m Ml, 
e * y A E + Le 
$ i A tfiv 
. 8 588 


nee 


4 
orce on A due to o S Du 10° x 4x 10% x (9) x 19-6 i 
(10)? Buch 


9x4x 9-+ -3 
E 3 x 10 3.24 x 10. towards C. 


Since these two component forces 
are in the. 
tion, the resultant force is their arithmetic an 
Fi + Fy = 21.24 x 10° N. towards . Th 


Example 12:2, 2 2 . Y f 0 MA x 


Two charges of magnitudes +10 u C and + 8 u C 


are placed on the corners A and B of an equilateral tri- 
angle of sides 10 cm. Find the force on a charge of + 15 


u C placed at the third corner C. A be _\ 
Solution io em 7. 6 Y | y q 


Force on the charge at C due D — ne Fi 


to. charge at A = F, 

coke 10 x 10 x 15x 10° de, 

(17 = 

= 135 N along AC | | of ny | 
Component of F, along BC = F, Cos 60” 

= 135 x .5 = 67.5 N — ye, EK 
Component of 8 in the direction perpendicular, se 
= F, Sin 60* = we GON. AS a) 


Force on the charge 400 


d 
* 
J 


= F,=9x 10° 


Total force alo g 


yag Mo e k 


E 
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= y (175. 5)?+ (116.9)? = 210.86N 


The resultant force is in a direction making an Angle 


with BC such that 


6.9 
x = 33.67°. 


a = tun 


Example 12,3 
Thé distance between the electron and the Proto 


of Hydrogen atom is about 5.3-x 10 m. Compare Uy 


electric and the gravitational forces between these Ly, 
particles. N 


Solution. 
1 e? 
SNE O 72 
a g u 
— ——— rr ee nn 
— Pik as f 
a | 


r 
* 10% (1.6 x 109)? | 
6.7 x 101% 9.1 x 1077, 1.7x 10? 
=2.2x 10% 
Le. the electrical force is 10% times greater than N 


X tation force. That is why Gravitational force between 


electrons 
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11) Electric field Intensity near an isolated point 
charge q 
Imagine a very small positive point charge q 
placed at a distance r from point charge q (fig.12.2) ° 


q 


0 


q 
oe —— 8 
— ͤ ͤ — — an el 


Fig, (12.2) 


e magnitude of force on q, due to the charge q is 


1 
F = 38 
4 ze 0 12 
Electric field Intensity 
1 4 
Er o le er Mae ( 12.6) 


40 4 NE o r 
The direction of the intensity of electric field is that of 
the electric force. 

Example 12.4 | 

Charges each oſ43 u C. are placed at three corners oſ a 
square whose diagonal is 6 cm long. Find the field inten- 


sity at the zn section of diagonals. 
N “2 Dina1V a 


t 


wan | » | E ml 
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„1,02 x 107 N g 

cs of Force 

a vector quantity and the flelg 

1 by assoclating a vector g 
y 
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Electrie Un 
d is 


12.4 
Electric fel 


Faraday did not adopt this procedure and he b 
troduced A novel method, of visualizing the field b 
means ol lines of force. 

A line of force is an imaginary line drawn in sl 
a way tha’ the direction of tangent al any of us points 
the same as that of electric field at that point. The dira 
point can, therefore, be determing 


tion of field at any 
dy drawing a tangent to the hne of force passing throug, € 
e in general the direction of field varta ©] a 


that point. Sinc 
from point to point the lines of force are usually curva ©), 
Lines of force do not intersect because the field canny 0 


have two directions at a point. No lines of force orig € = 
hates or terminates in space surrounding the charg ~u 
Every line is a continuous line which originales on posi = 
tive charge and terminates at negative charge. When O 
speak of an Isolated charge it simply means that “al S 
site charges on which the lines terminate or JR. N 


have large distances around it. N 


ctric fields due to different charge * 
— arge configure 
| of field lines in the follow 


Medicos Hub 
The Nux 
“Ct of flux — A Surface is determined by the Prod. 


it's Le electric Meld and the Projection of 
area lar to the field. or 


e produet of area and the com n 
By th ponent of 
Normal to Der. Mela 


For a very small plane area AA such that the feld 


at all of it’s points is the same, the fux is given by: 
The lux 49 = A A [E cose) = E. A A. a a (12.7) 
E 
a * 
AA 
| Fig: 12.5 (a) 


Thus flux is a scalar product of electric intensity 

E and vector area AA. Although area is a scalar quantity, 

4A is taken as a vector quantity of magnitude equal to 
and in the direction normal to it 


= 


N ™ es | 
\ <Í y» ad 12.5(b) 
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will give the intensity of field at that point. 7 
12,6 Gauss’s Law 2 
Consider a closed surface E) 
of any arbitrary size and ag 
Shape surrounding a point charge q 4% 
as shown in fig. 12.7 electric field 


x s 
OS 
vectors at different points of the 


closed surface will Fig 12.7 

have different magnitudes and directions. An „order 20 
determine flux over the closed surface, it Is. divided into 
very small parts, each part so small that it is almost 
plane and the field at all of its points is the sama, 


Flux over an element of area A = E. AA 
„and the ſlux over the whole surface, $ = IE. AR 


which Is equal to the total number of lines of force origt- 
nating from q and crossing the closed surface normally 
Le. 
€o 
Electric flux being the dot product of two vectors 18 a 
scalar quantity and hence if the surfa 
ber of scattered point charges 
nn N 4 A 1 
I dz. — ———— qu their fluxes ca 
\ ¿D , 3 n be added 
algebra — total ſlux ꝙ due to all the point charg- 
1 


Cc encloses a num: 


N de o 0 0 05 


0 2:0, UL) 


>. Medicos Hub 
APplying Gauss's law. 
E4nr? = g/ SE 
1 q 
E = ia. * ER 112. 


1) This shows that the electric field due to a Une, 
Spherical surface charge distribution at an external POL, 


is the same as that produced by the same charge Whe, 
concentrated at its centre. 

ii) The field at a point on the surface 18 considereg à 
the Neld at a point outside the charged surface but . 
nitely close to it at r a (a Is the radius of Charge, \ 


shell) 
Fleld at a point on the charged surface will be. 
1 
E = i 
Ane a? ò 


This can also be expressed in terms of charge density: 
( charge per unit area) ) 


q =O 4ra? 
1 4ra? 0 


N — — 1012.10 
> O) P £o / 
\ 110) In case if the point P is Situated inside the charge! 


‘st rface | lg 12.9) the Gaussian surface Passing throug 
a ill enclose no charge am 


i A LA 


* 


bd i Medicos Hub 
Where E is the field at A in the direction shown in the 
Eram Work done in moving the test charge along Ns as 
Ment from A to B =Eq, E cos 0 Ar =q, E. r Ala, 
This process ís repeated right from P to Q taking 
that the charge is moved very slowly always keeping * 
electrostatic equilibrium 1.e. when there is no net mg ha 
of charge within a conductor or on its surface, the co 
ductor is said to be in electrostatic equilibrium, N 


Q => 
Total work = Zq, E” Ar 
P 


Hence the difference of potential energy Of the tes, 
charge q, at point Q and P | 


0. > 
Ugo- Up * , 2 E. ar (12.13) 
Instead of dealing direct with potential energy of a 


charge it is useful to introduce the more general concept 
of potential energy per unit charge called potential gy 


ference between the points Q and P 


Wp-.0 AA 
: (12,14) 


Vo om Vp = 

= l 

Potential difference between two given points in f 
an electric feld is defined as the work done in moving a 
test charge from one point to the other divided by the 


is called Volt_ 


JULI 
be 


- y 
| 


The un ; um 


A SG 
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Example 12.7 61 


Find the potential and field due. 
placed at the ends of the diagonals of ad lin 
in the diagram at the point of their intersection nae nds 


agonal is 30 cm long. 
Solution 
Potential at O due to 


charges at A and C 


4 9 1 10% 8 10 E 9x 10°x 5x 10 
.15 .15 


2x 9x 10°x 5x 10? 
CŘ 
.15 


= 6x 10° Volts 
Potential at O due to charge at B and C 
-2x 9x10°x 3x 10° 
15 
Total Potential at O = (6-3.6) 10% = 2.4 x 10° volts. 


Electric Intensity at O is zero because the field at. A due 
to ine charge at A Is cancelled by the field due to charge 
at C. Similarly the field due to charge at B is cancelled 
by the field duc to charge at D. | | 


= - 3.6x 10° Volts 
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=8.1x 10” ms” 
a2, 
11. Relation between electric fleld and Potentia; 


Consider two points a and b that ar 
€ Sepa 
by a very small distance AS on a line of force pr 
shoum im fig. 12.14. The field is ` 


Practically constant over the 
Small distance AS, If a test 
charge + go IS moved from a to 
b work is done by the electric 
field on the test charge. 


A 
Sa. 12. 
The work done by an outside agent in moving n 


positive charge against the field is conventionally taken 
+ Ve and the work done by the field is taken as Ve. The 


reason is that in this way positive work increas 
| esth 
tentlal energy of test charge. E 


„Work done by the field 
AW=-FAS =qyE 4S 
Potential difference between the points a and b 


ay ee y 
Y; 


pe- — 


— — —— (12,16) 


mM A) 
en ol change of potential with respect to 
the and it is called potential gradient. 


ic Intensi- 
lepalive 


ty at 


rection 
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then SV = E cos 9 AS. 


Ecos @ =~ MY 
as 


In general we can say that the en 
Space rate 


of variation of potential at a point in 
the electric field in that particular mane gives 


ax 
similarly av 
Ey * — and en ay 
ay Ez = - — 
Example12.9 


An electron is situated midway beiween two paral- 
lel plates 0.5 cm apart. One of the plates is maintained 
at a potential of 60 Volts above the other. What ls the 


force on the electron. 
Solution 
AV 


F = Ee = - e 


510 ASS 10°) 


= 1.92 x 10°" N 
12.12 Electron volt > 

Electron Volt is a unit of energy. In atomic Phys- 
les, the energies of accelerated fundamental particles are 


electron Yo! 


64 Medicos Hub l 
j 4 
qav — ü X oe one 
m 3 mv 12. 
It suggests that the energy can be Xpress. 
the product of potential difference and charge, r A 


Adopt the quantum of charge e as a unil of Charge .* 
Place of coulomb we arrive al another unit of energy 1 
ein 


electron volt. 
An electron volt is the energy required by an ele, 


tron in falling through a potential difference of | voll. 
electron - volt = (1 quantum of charge ) { | von 


l ev I. SX 10'% Coulomb) ( 1 Volt) 
=1.6x10'” Joules. 


Example 12.10. 
A electron acquires a speed of 10%mg” Find) ía 
energy in electron Volts 


1 2 
r mv? Ao 9.1x 10%x 10° . 4.55 x 107% | 


4.55 x 10"? 
1.6 x 100 


12.13 Equipotential Suríaces 


eV = 254 ev 


i surface is that, at all points of 
s ne same value.Since the poten: 
‘Particle Is the same at all poinis 


Medicos Hub ‘oe, 
= > 
C is a constant for a given conductor- 

Electric changes a AA 
stored on a conductor nt and me charge =M 
tential rises to breaking value 2 Stan, 
leaking to atmosphere. 


a measures how much charge should be placed y 


Cs sim 
V 


conductor to raise its potential to ! Volt and it is take, 
as a measure of its capacity of holding clectric char, 


called capacitance. \ 
The capacitance depend. on the size and shape yq 

conductor. For example for a spheric conductor of rady 

us r b 


l q 
C =i = > E ARE y Y 112.19 
Teo r 
Ve. proportional to radius. In general we can say for con 


ductors of any shape that the greater the size of a con: 
ductor the greater is its capacitance. 


The size of a conductor required to store h 

amount of electric charge becomes very inconvenient and 
a device called capacitor is designed to have large Capac- | 
ity of Storing electric charge without having large dimen- 


“a Y MN Mr 


à sions. 


A 2 
Medicos Hub 
68 
wh 
ere A Is the area of the plates. 
b If an Insulating material completely fills Ihe sp 
etlween the plates 
EA SSA 25 
C = e Y = a 112.20 


The equation shows that the: Capacitance i 
Fectly proportional to the area of plates, inversely p 
{ional to the distance between the plates and it ts 
hanced by €, U an insulating material called dielectri 8 
introduced between the plates. 


The relative permitivity or dielectric constant 


€ © 
S * ci = A A ws (12.21 

C Is the capacitance. when it has a dielectric, Co is 
Ea capacitance when the space between the plates is emp. 
ty.The values of dielectne constants lic between 1—19 
for different materials. = 


Effect of dielectric in a Capacitor 
The electric field between 

the plates distorts the molecules of 
\ the dielectric, The molecules are po- 
bored. one end becoming positive 
and other negative, 
The presence of! these charges de. 
des the potential difference be. 


Hrs + 
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reside on the plates of individual capacitors according y 
| 


their capacilance's such that 
q = 91 + q2 + a3 
The potential difference V across each Capacitor is tha 


of the source 
If C is the capacitance of the combination ang e | 


C, and C, are the capacitance's of the Capacitors joing, 
in parallel 

CV =C,V+C,V + GV 

C Ct Get G 

The capacitance of combination is equal to tp 
sum of the capacitance's of Individual capacitors. It 1 
greater than the greatest individual onc. 


(b) Series Combination 


The figure shows three ca- 
pacitors having the right- 
hand plate of one connected 
to the left hand plate of the 
next and so on connected In 
Series. When a cell is con- + 
necied across the ends of | 

the system, a charge .q is si 1220 
transferred from the plate F to A thus A becomes pos 
lively charged. A 2 upon one plate always atiracts 
upon the other p charge equal in 22 and 
—_ in sign. ak | 
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Thus 10 find the resultant capacita 
tors In Series, we must add the reciprocals de of capaci. 
vidual capacitance's. It will Rive the reciprocal SS Indi. 
sultant capacitance. The resultant is less * re- 2 
smallest Individual capacitance. an e 


Example 12,12 


Two capacitors C, (3p N and C [Su are in series 
across a 90 Volts d c.supply Calculate the charges on € 
1 


and C, and the p.d.across each. 
* Sul 
Solution | 
Total Capacitance C is given by e, 4 
z 3 
1 1 1 
C C, Ca —4— 
C Ca 3x6 90 Y 
C= = 
C, +C, 9 
=2u1. 


The charges on C, and C, are the same and equal to a 


on C. 


q=CV=2x10°x90= 180 x 10* C. 


= 60 vols > 


a PAI 
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Chapter. 13 
CURRENT ELECTRICITY 


22 ̃ O > oe 


In the previous chapter we studied ine behavig, 
and effects of electric charges supposed to be in Station. 
ary states and came across with forces between charges 
the electric potential. From this chapter onwards, wei 
shall remain concerned with the study of the properties \ 
and effects of electric charges when they are in n 
This field is known as electrodynamics. | 


The first thing which comes to our mind in ES 
study of electricity is the generation of electric current, 
which we shall show as the rate of motion of charges in. 

A 


a conductor, 5 
= 


í u. 
| ese metals, the elec· 
w very easy. Un in metallic conductors) 
present a large number of free electrons 
from their parent atoms which consti- 
j free electrons are ca- 


directions in the infers 


of the metal. . electrons 


nd to the atoms and so/ca ot move and 


| c eldade 4 


Medicos Hub , 
We denne the strength of current in a condug 

AS the number of coulombs of charge which Pass K i 

Section of the conductor in one second. Hence ge 

Charge of Q coulombs flows through a section of the we 

In tune t seconds, the current I through it ts Biven by | 


the relation. 


a 


=o o a (13.1, | 


The unit of current is one coulomb per Secong 
Thfs unit in ST. is called an "ampere”, Alter the name or 
the French scientist Andre Marie Ampere. The smaller 
units of current are milliampere (mA) = 10 ampere a 
micro ampere (u A) = 10° ampere- | 


Example 13.1 \ 
A current of 2.4 amp. is flowing in a wire. Hoy 

many electrons pass a given point in the wire in one sec. 

ond if the charge on an electron is 1. * 10 coulomb, 


Reasoning: . If we know the total charge passing the 
point in 1 sec., we can divide that by the charge on an 
electron and thereby obtain the number of electrons. 


Since I is the number of coulombs /passing'a 
point in the wire in 1 sec. we have that 2.4 coulomb of 
charge flows that point in 1 second. A / 

\ (But each electron carries a charge 1.6 x 10 0. 
so that pufnber of electrons passing per second Is 


-i A y 
N ds 20 y | V » 
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or AX Ro 5556882 200 C 
57.6 2 
0784 C=73.5C 


A water heater draws 30 A fr 
om a 
er source 15 meters away. What is the — Dow. 
section ol the copper wire that canb SEEN 


e used if t 4 
js not to be lower than 210 volts at the MR en 


Solution: 


The voltage drop is (220 - 210) = 10 y and the re- 
sistance that corresponds to this drop when the current 
30A Is 


The total length of the wire involved is twice the 
distance between the source and the heater, so the 
length of the wire will be 2x 15m = 30 m. 


From the table p for copper is l. & 10° Q m. 
p.L 1.6 x 10% x 30 X 30 mut 
Cross-sectional area A = . = I 
= 1.44 x 10% m? 
= (1,44 mm? 
13.8. COMBINATION OF RESISTORS 


large number of e 
batteries inter co 


ty? assume that the efficiency of Motor js 101 
solution: 
One horse power = 746 watts Medicos Hub 
* horse power = 373 watts 


The power input to motor =Ty. 240 x 0.8 


The out put of the motor = 373 watts 


Power out Put 373 W 
Efficiency x volt 0.8 x 240 


= 1.95 A á 
13.7. ELECTROMOTIVE FORCE: 


We have seen that an electric field is needed to 
maintain a current in a conductor,When this electric 
current passes through a resistor, it dissipate energy 
which Is transformed into heat. Thus to sustain a cur- 
rent In a conductor, some source of energy is needed, so 
that it could continuously supply power equal to that 
which is dissipated as heat in the resistor. The strength 
of such a source is known as electromotive force. Usually 
the potential difference that exists between the two ter- 
minals of a battery or any source of electrical energy 
when it is not connected to any external circuit is called 
its eleetromotive force. simply read as E.M.F and is rep- 


resented by E 


As charges pass pee a ¡nor a electrical en- 
ergy le a cell or a battery, work Is done on yet, on 
electromotive fo force may be defined as the wo k done pe 
coulomb on the ct harges 


lomb of charge that 
case of a battery, ch 


¡cos Hub 
102 Medico 
trical energy by means of the work done on the Charge, 
in transit through it; in a generator. mechanica] Ener 
is converted into electrical energy and in a the e 
ple. heat energy is converted Into electrical energy au, 
so on. 


The e.m.f of an electrical source bears a relat 
ship to its power output analogous to that of APPlieg 
force to mechanical power tn a machine, which is the 
reason for its name. 


Let us consider a simple circuit in which a Tesis. 


tor Ris connected by leads of negligible resistance LO the 
terminals of a battery (fig.13.8.) 


i A current I will Now through the resistor in a d. 
rection from a to b, the potential V, being higher than 
potential V. The same current will flow through the ba. 
tery from its negative terminal to the positive terminal. 

battery is made of some electrolyte and electrodes 


h 


for the production . f. an e when this curren 

flows the battery, 1 ORE resistance by the 

Thus the c 

given by the rela 
' fa 


> 
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Chayptanr 14. 
MAGNETISM AND 
ELECTRO-MAGNETISM 


It has been known from centuries that a magn l 
| 


exerts force on another magnet from a distan | 
phenomenon ts similar to that of force bet anca | 


charges or gravitational force between material partis 
14.1. Magnetic fleld due to Current 9 


In 1819 Christian Oersted, Professor of Physic 
Copenhagon discovered that a pivoted magnetic | 
deflected from Its normal north - south direction whel 
even a current bearing wire Is held parallel to it as uur 
current behaves as a magnet. ) | € 


We force that acts on the magnetic needle Liat 
described by visualizing the needle as being situated y! 
‚the feld created by electric currents through 

ər magnets. This is called magnetic field of Inductie 
(Magnetic field would be a more suitable name but it y 
been acquired for historical reason by another magii? 
quantity to be discussed in higher classes), 


In 1820 Ampere observed that two current k 
ing conductors exert forces on each ß 
that the magnetic condition of me inet 
rents within the body ‘of magn 


— 


now be identified” 
oms of the magne: 
— 


When electric di 
trostatic forces or; rn 
Vhen the che ges are in 
clectrostatic forces borta 
Pear because of manaa 
E 


111 O | 


von 
2 
A peo field is a region in which. a force is ex- 
enced on a moving charge or a magnet. Medicos Hub 


Y 
mhis 
1. The magnitude of charge q. I Fh 


2. The speed of the moving charge Ù. 
3, The magnetic field of Induction 83. 
The magnetic Induction B is a Vector quantity de- 
ned from the relation. 
Faq (dx 


<4 


| B) —— ----(14.1) 
1 The direction of force is pe dicular to both the 
direction of motion of charge and the direction of B given 
y cross product rule. 
It also follows that the force 
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112 e magnitude of B Is given by 

F ii nia nar 114 i 
B s -7 2 

qð Sin 0 
A unit magnetic eld of Induction is said to | 
at a point where the force per unit 2 experience: 
by a positive test charge. moving with a velocity of 8 
in the direction perpendicular to the field is 1 Newton, 
newton newton 


ee nn 
Unit of B = oul xmetre/second ampere x metre 
its called tesla (. N/Amı eke 


Example 14.1. E 
A proton enters a uniform magnetic feld of Ir. 
duction B = 0.300 Tesla in a direction making an ange 
of 45° with the direction of feld. What will be the magni: 
tude of force if the velocity of proton is 10 n? 
Solution: 
F=qVBSin@= 1.6x 101% x 104 x 0.3 x Sin 45° 
= 3.4x 107% N 
14.2. Force on a Current Can 1 
Uniform Magnetic Field. | 
N Currents through conductors are caused by the | 
directional drift of free electrons a the conductors: 
Conventionally: we ET 


Conductor in a 
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A 


Fig. (1 4.2) 


Consider a linear conductor, of length L and car. 


rying a current I, be subjected to a unifonn magnetic 
field of Induction B which makes an angle 0 with direc- 
tion of current as shown in Fig.14.2. 


If there are n number of free electrons per unit 
olume the total moving charge 


q=nAle 


where A is the area f cross section of conductor. 


The force on the conductor 
FdS xB)enAle (9 xB) 


This expression can be changed in terms of the 
current by a little mathematical manipulation. Consider 
thelength of conductor, a Vector in the direction of 0 
ieh ean be written al where a Is a unit Vector in 

de Girection-of $”. Similarly © can be written as a 9 
pere ð e magnitude of drift velocity. | \ / 


Q 0 — — A N y 
e Ch B) , 
Ft =nAcviií / i 


= 
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— 
F 
F = | @ x B) e 149 


The magnitude of fo and the a 
given by right hand rule, It ts 


rection of force 18 


direction perpendicular to both I and B. 
F 
B= — —ęV— -— 
it Sine 
Example 14.2. 


A steady current of 25 A is passing through y 
horizontal power line 50 m in length held between qwo 
poles in the north south direction. The carth’s magnetic 
field is 10™ tesla at that place and angle of dip is«60; 
find the force on the wire, 


Solution: 
Angle of dip is the angle between the direction of | 
earth's magnetic field and the horizontal in the magneſe 
meridian. 
oe a l 
F = 1(xB )=-I(BSino 
= ¿/25x50x10*xSin6g . 
= 0.108 N ma r L 
A al 74 ) ) y dh | Ø 
14.3. Torque oná 
In Fig. 14.3 a reetangu A 
uniform magnetic field and t 


lel to the field. A current 1 
the direction shown. 


Medicos Hub ey 
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¿y Lines Of Induction due to two 
¡ono Parallel wires carrying currents 
n the same direction. 


(d) Lines of force of Induction due to 
a circular loop. The lines enter one 
face which ts the South pole emerge 
from other face which ts North pole. 
On looking at a face if Ihe current 
appears clock wise the face Is South 


pole, 


The face is the North pole {f on looking on il the current “is 
anticlock wise. 
le) Lines of force of Induction due 2 


to.a bar magnet. The lines are con- 

tinucas through the malerial of mag- e 

ner. -Oulside (he magnet the lines: 

are from N pole to S pole but Inside TARO 

iera are For E toeN pole, 12 AF 
The-lines of Induction. are to be e drawn with some 

Spacing between them vera be distinguished 

as Separate lines. It 1s so manipula that the number 

of lines per unit area passing 3 sur- 


face held normal to the lines a 
magnitude of B at that point. 


120 Medicos Hub 


Flux across the face 
OADO = BA Cos 9=2x(.3 x.4) = 0.24 


DC x) 302 + 30° = y 1800 = 42.42 cm = 42 E 
© area of the face ABCD = .42 X.4 = 0,17 m? 

o 
Flux across ABCD = 2%.17 X Cos 45 = 0.24 


a) 


Flux over the whole Surface = 0,24 x 
= 0,48 Webers. 


14.5 (1) Force on a charged particle moving o, 
a magnetic field . | 


When a particle bearing a charge q and Moving | 
with a velocity v enters the region of a uniform magñeli 
field of Induction, B it is acted upon by a iorce 


> = 
Feq(d xR)=qVBSin® 


Fig. 14.7 
when 0 is the angle between the plane « jd and 
the plane of mot ion, plane of the fie 


ce tira perpendicula” | 

to Ú al all p Dns. the 1DEN: tude of 0 remains un’ 

changed but Its direction cha es (ro: | 
es [rom point lo 

and the particle er nn 

tal force is given hy ae | 


mo? 
r 


irn 
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the two fields neutralize each others eflects and the M 


comes back to its original position O 
E n Xx where d = distance between Plates. 


Ec =c UB 
E Ey Y a 

B lg) 
Substituting in eq 14.10 


Os 


ea 


e/m = 1.75888x 10!! CM.. 
As ex 1.60207 x 1071? c 
1.60207 x 1071 


m= 9. l 
175888 1011 1084 x10°! kg ` 


e Ampere's Law i 
Ampere's Law is some what analogous to Gauss! 

Law of electrostatics and it helps to determine the mat: 

metic field of induction in a few cases of current configu: | 
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rection of Al for 
get 


all elements and for thts special Case, 


ó — 
B cos O Al=B. Al 
The sum of these products for all the elementy A 
SB. Al = XB cos 0 Al = CB Aba BE al 
using equation( 14 13)and taking Al = 2rr we = 


py i ue! 4 | 
IB. al = e Rab. 7 (14.14) 


This relation is called Ampere’ s Law and it 18 true 
for a closed curve of any shape taken in the Magnetic 
field because the distance of the element from the con. 
ducior is not involved in this expression. The law states 
that the sum cf the products of the tangential 

nent of magnetic field of induction and the length of an 
element of a closed curve taken in the magnetic field x 
H, times the current which passes through the area 
bounded by this curve. If the closed curve is taken in 
the magnetic field such that It encioses no current then 
TB. ôl =0. as is the case with curve C, in the Fig. 14. ll. 


The magnetic field of Inducticn due to a current 
can be determined using Ampere's Law only if we can 


possibly imagine a closed curve around which the quan- 
tity TB At can be evaluated. 


The Pe are a few applications of Ampere 
Law. 3 


a) Solenoldai had | UY (Y a — ‘ 
* Solenoid is a > L of insulated Copper Wi 


Except at the e ial | 
tion are fairly parallel an 
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ines are widely separated and the field is weak. 


Fig.(14.12) 


In order to determine the magnetic Induction at a 
point P on the axis of Solenald-well inside it. imagine a 
MO Tectangular loop abcd with the side ab on the axis and 
| the side cd far away where the field is zero as shown in 
fig. 14.12. It is divided into four elements l. 8 ts and 
| ur en 
| E Cat D = ee enckpen 


Inside the solenoid B is parallel to (i so 

t,.B), = B cos O =(,B 

The field outside the solenoid is very small. it «29 
Dr Ser 
aS, „%o 


as amd — 
1 a TY Y DA AN 


BAS 
Solution: 
Mean Radius = 12 em 
N 4 -7 x 3000 
$ Mo 4 rx 10 x5 
2nr 2x x .12 
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14.7. Electromagnetic Induction 


In the year following the discovery by Oe Oerst 
that an electric current produces magnetic field of mdu. 80 
tion, the question before the scientists was When ' 
magnetic field can, in some way, induce an electric Bar 
rent. Continuous attempts were made ſor about ten 
years io detect currents in the Colls by subjecting ther, 
to strong magnetic fields but the answer was that such 
an effect apparently does not exist. 


In 1830 Joseph Henry in the United States and a 
year later Faraday in England independently observed 
that an emf is set up in a coil placed In a magnetic feld 
when ever the flux through the coils changes. The efect 
ts called electro-magnetic Induction and if the coil forms ` 
a part of a closed circuit, the induced emf causes a Cur 
rent to flow in the circuit. 


Experiments show that the magnitude of emf de: 
pends on the rate at which the flux through the coll 
changes. It also depends on the number of turns N on 
the coil and ft is useful to define a quantity called fux 

as | ing the product of the "0 of turns and 


the fux JIA 
ei, dl ut | nee u 


af à cos ia deer Dr RE Ll 
can be induced in a s ral 
caused to cul across m 


7 map is 
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th increase. if the current is decreasing. it opp, 
decrease. The measure of the ability of a to giv, NR 
to a back emf is known as the Sell inductance Ma 
coll. It is defined by * 
al | 


C=-L 


where 
254 the back emf induced in the con m yo, 
L 


= the Self-Inductance of the coil. The und 


of self Inductance is henry. 
Al 
——— = the rate of change of current in the 
at coll amp. x"! 
The Self Inductance of a coll is 1 henry if the cur 
rent varying through it at the rate of 1 ampere per se. | 
ond induces a back emf of 1 Volt. | 


The value of L depends on the dimensions of the 
coll, the number of tums and the permeability of the 


core material. 

Wf ds the flux through a coll of N turns when | 
is Carrying a current I. | 
AN Y) al A (LI) 

A a 


at 


i 20 
Gg = aM At 7 LS X O50 "800 Voy, 
49 
Es = Ns m Medicos Hub 
Ad 
Ne gsp 


Ad = 0.038 Webers. 


Example 14.9. 


A circuit in which there is a current of 5 amps 
changed so that the current falls to zero in OS. If an \ 
average emf of 200 volts is induced, what is the self fp. 
ductance of the circuit. | 


Solution: 


ál 
ES —— — 
8 6 Al € 


200 = LA 
0.1 


L= 4 henrys. 
Example: 14,10 pe 
Bi density B in a region is 0.5 weber// m 
“a up 3 Find the emf induced in? 


deco at as B when it 5 
tion at an 2 ol 


| 
| 
| 
| 
| 


sn 


u ner sl 
Herd O 


and horizontal is 
motion is 3b. 4 
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140 two separate 

oined to co | 
orar ay Two carbon brushes “hg, 

h of the rings w “Main 
ressed against cac ES which om N 
Tal area A with number A 

Let the col oi an un 
lovise from the position Uy y 
8 med 


> AM 


When the armature rctates by half a rotation fi ost! 
tion 1 to 3. The magnetic Nux entering the left d side 
face decreasas from BAN-OX-BAN) inducing an em cle ck 
wise (as seen from left) in order to oppose the cau | » 


an house the armature of 
ated by steam turbi * I 


— 
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in a circle of radius equal to half the width of the ¢ 
ol 


b 


o BN IH sin wt 


Ca? 


E (b> l NB @sin wt 
Ea A N BSN wt 


E * 
"so 


sin Wt 

where. il = ANBo-is the Maximum or peak value | 
of the emf which obvicusly depends on the area au 
number of turns of the coll, Intensity of field and speed \ 


of rotation. 


The expression for the generated emf can also De 
expressed in terms of the frequency .f. i.e number of ro. 
tation per second 


s- sin 2X M I eremenentananons (14.24) 


net is commonly 9 magneto a 
‘fon system of petrol en: zes. n 
boats, etc. 


The field magnets ¢ 
magnets and these genera 
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es from zero to a maximum and then falis ig ae 
the coll is back in the initial vertical Position, ` 


The variation of the emf with the Potne 
coll is shown In fig. 14,28, Although the CUNEN jy the 
rectional, it fluctuates from zero Lo mamur, om 
current is called pulsating current, To obtain 4 
current, a number Of colla wre mounted at atfer y 
gies round the armature and the commutator in g * 
into a corresponding number of segments with each t 
connected to two diametically opposite scaments, Th, 
as the armature turns, the brushes come in contae = | 
each coil for only a short period of time. If the 
tor is so designed that this time coincides with Ihe per 
od during which a large current is induced in each coj 
then a nearly constant current can be obtained, 
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148 . This is known 

a) friction as 
Spe and produces eating in Whe con 
minimized by using special alloys (perm-atloy) te 
the core material. 

3 Some energy íis dissipated as heat in the Colls 

’ ar. This is reduced by using Suitably th 

wire. The coll which has the smaller number of 
turns carries the larger current and therefor, k 

a from thicker wire than the other. 


woun 
Some loss of energy occurs because a small 
amount of the flux associated with the Primary 
falls to pass through Ihe secondary. 


A few uses of transformers are listed below. 
* Power Transmission. 


Whenever electric energy is to be used at a con- 
siderable distance from the generator an alternating eur- 
rent system is used because the energy can then be dis- 
tributed without excessive loss. On the other hand 2 
direct Current system were used, the losses in transmis- 
sion would be very great, 


Power loss from transmission wires = 12 R watts. ' 


In A.C. system the terminal vollage at {he genefa · 
tor is increased using a step up transformer.’Thus the f 
current through transmission wire ‘becomes very small 
and consequently the power loss IR is sma At the oth- 


Gq 


er end a step down transfo rmer reduces de 

: Son \ranslom uces the voltage t° 
value 220.— 240 vols that pt | be used. 
2. | | | 


In houses a transformer may be used to step UY 
voltage down from 220 to 4 volt for call bells. 


3. 4 


Transformers with several se 
where several different vo ta 
example radio, television cit 
o d oe 
= ) P r 
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Chapter 18. 


ELECTRICAL MEASURING 


INSTRUMENTS 
— —— ———̃ ͤöm⸗ —— 


15.1 Introduction 


For the detection or measurement of electric curs 
rent, potential difference, and resistance certain instru- 
ments have been devised viz. (1) the galvanometer for the 
detection of small currents or measurement of small cur- 
rents of the order of microamperes or milllamperes (1) 
the voltmeter or potentiometer for the measurement of | 
potential difference (or voltage) between two points of a 
circuit or the emf of a source (it!) the ammeter for the 
measurement of large currents (iv) the wheatstone 
bridge. the meter bridge, the post office box and the 
Ohmmeter for the measurement of resistance. 


18.2 The moving coll galvanometer 


The moving coil galvanometer is a basic electrical 
instrument. It is used for the detection (or measurement) 
of small currents. 


Its ‘underlying principle is the fact that when a 
current flows in a rectangular coil placed in a magnetic 
field it experiences a magnetic torque. If it is free to ro- 
tate under a controlling torque, it rotates through an an- 
gle proportional to the current flowing through it. The 


ye. ao | s 
=, 
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f the wire of the coil is soldered to 


n the coll rotates, the 
its plane, 


When a current passes through the galvanometèr 
coil it experiences a magnetic deflecting torque which 
tends to rotate it from its rest position. As the coll ro- 
tates it produces a twist in the suspension strip. The 
twist in the strip produces ah elastic restoring torque. 
The coll rotates until the elastic restoring torque due to 
the strip does not equal and cancel the deflecting mag- 
netic torque and then it attains equilibrium and stops 
rotating any further. 


In the previous chapter the, deflecting magnetic 
torque was derived as: 


Deflecting magnetic torque = BIAN cos a 


magnetic field is always parallel to 


Where B = strength, of the magnetite nel. 
I =-current in the ct 7 
A x= Area of the ci! 
N = Number of turns in the coll 

and a = the angle of deflection of the coll 
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Hair Spring 


Permanent Magnet of 


Hair Spring 
Pivot 


Fig. 15.3 Pivoted moving coil galvanometer 


The coil instead of being Suspended by a strip 18 
“pivoted between two jewelled bearings. The controlling 

(restoring) torque is provided by two hatr-springs one on 
elther side of the coil and curling In the opposite sense. 
The two ends of the coll are connected one to each 
spring. The hair springs thus also serve as current leads 
tothe coll. A light alumintum pointer is fixed to the coll 
which moves over a calibrated circular scale with equal 
divisions which measures the defection (in divisions) or 
current (in micro amperes) dircctly. 


15.3 Ammeter and Voltmeter. 


Ammeters and voltmeters are simple pivoted type 
moving coil. galvanometers with suitable am LA 
We have already seen that when a current 1 
Ealvanometer its coll is deflected. The current L for the 
tional to the deflection. If the scale !s corneas the 
Current, it can be used as e seer tt 

Proportional tc 


ral 
A ake, É 
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nals. Each value oſ the current in A 
potential difference across y 
ted for voltage, it ç 


160 


across its termi Šk 


ler, 


r a small current (a few micro $ 
r a small potential difference la le, 
micro völts or millivolts) applied to them. They “Anno 
measure large currents or potential differences that 8 
dsual!y come across in our daily life. For Measuring 
them the galvanometer has to be modified. 


used as 
scale defection fo 


or milliamperes) OF fo 


The Ammeter | 

An ordinary galvanometer usually has some beg 
resistance Rg of its coll and it gives full scale deflection 
when a certain maximum current Ig passes through p, 
This maximum current is called the range of the unaideg, | 
galvanometer, A current that lies within this range can 
be measured directly with the gaivarometer, thus it can > 
serve as an ammeter. For measuring a current this am- 
meter must be connected in series with the circult to al. ) 
low through it the full current which is to be measured, 
If Rg is large, the insertion of this ammeter will increase 
(he resistance in the circuit and decrease the current It 
fs intended to measure an undesirable situation. So ds 
not to affect the current to be measured an ammeter es 
sentially must have very small resistance. 


On the other hand ff it ts desired to megabrs 8 
current much larger than ly the galvanometer cannot be 
used directly as an ammeter. If tried it will certainly be 
pig ee: To measure any current. upto I larger than lg 
2 galvanometer has got to be modified such that while 

current in the main circuit is I, the current in Ihe 
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rent through itself while a kno fra 161 

value Ig passes through the yalvan don of 1 witht 

current in the galvanometer coll a eter coi, AA 

is always a ah Multiple of the te Shunt together 
rr 

which can be found and the Scale calib A the coy 

to read the mam current directly rated Accordingly 


© Main 


ls =1-lg Circuit symbol of Ammeter 


(a) (b) 
Figure 15.4 


Consider a galvanometer G whose resistance Is Ry 
and which gives full scale deflection when current le 
lows through it. Fig. 15.4. Suppose we want to modify it 
Into an ammeter to measure a maximum current I (or to 
increase its range to I). A shunt R, of appropriate small 
resistance sheuld be connected in parallel. with the gal- 
vanometer such that while the current in the main cir- 
cult is I the current in the galvanometer coll is I, pro- 
- ducing full scale deflection and that in the shunt is 


4 


hel sy. d A S 


As It is clear, the galvanometer coil of resistance 
R; and the shunt resistance | | q. nie 
Ùetween junctions a and b, the potential difference, Ve. 
de the same, so Vy V. | | 
From Ohm's Law [V = | 


© 
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Sired range an appropriate high resistance of the a 
kilo ohms is connected in series with It. This rants 
is commonly known as multiplier resistance, Cong, ‘ey 
galvanometer G whose resistance is Ry and yw), tr, 
Nects full scale for the current Ig. Suppose we Wa de 
convert ſt into a voltmeter measuring a p. d up to v nt 
An appropriate high resistance Rx Must be Conten du 
series with 1t such that for the p.d.V applied Between ty 
ends of the above combination the Current in ine * 
nometer Is Ig which produces full scale deflection e 
the total resistance between the terminals Is Ry 4 7 
. 


Thus by ohms law, 


l 

(Re + Ry) [gs V j 
v | 

Re ES i 
6 = 

e * i 
“ Ry * RE Sn * 05.4) 


The equation (15.4) helps to calculate the value of = 
the serles high resistance for the conversion of the galva N 
nometer into a voltmeter of any desired range V vols: 
When the proper high resistance is connected in series 
with the galvanometer it is converted into a voltmeter of 


range V volts, The scale can then be calibrated from 0 lo 
V volts, S 


| The encircled series combination of the galvanometer and 
the high resistance in Fig. 15.6 (a) is a voltmeter denoted | 
by the circuit symbol in Fig. 15.6 (b) | 


multi-range voltmeter u: in je 


can also har 


ve abe 


9. 


we 


eS. d A 8 * pis — 
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R 
1 R2 Ra 
10V 
+ SV 
* So 


e (b) 
Fig. (15.7) 


In the other type ons terminal 18 common marked 
(+) while different range terminals can be connected 5 
range switch to the other common terminal (Fig.15.7[u)) 


Example: 15.1 


A galvanometer has. a resistance of 20 ohms and 
gives full-scale defection when a current of 0.001 am: 
pere flows in it. Find out (1) the value of the shunt resis- 
tance to convert it into an ammeter of range 10 am: 
peres. (11) the value of the series resistance to convert it 


into an voltmeter of range 10 volts. 


Solution: 
Resistance of the galvanometer, Re = 20 ohms 


Current for full scale deflection, Ig =0.001 A 


i 


() conversion into ammeter; „7 a 
| j fat Y A | | A 
e „ I 0 g > A 
Range desired = 10 — 


= — 
4 Ee ; 
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In the above bridge If the key K 167 
ne current flows through the cen Fe Closed first 
. Ra» Ro and EN If the key Ka is also a resistances 
will usually be found to Now through th Sed a current 
indicated by its deflection. However, If s vonometer 
Ra: Ro and Ry (or at least one of N resistances 
„ condition can always be attained in nde adjusted 
nometer shows no deflection at all i.e the galva- 


through Il. Then the p.d. between B a Hi 8 passes 
te and D TRAP the same potential, ay pain, 
that the p.d. between B and A (Le. across 5 
equal that between D and A I. e. across Rol. Alsa O 
between B and € (l.e; across Ra] must 88801 KAS 
ween D and € (Le. across Ra). Since no current $, 
\hrough the gaivanometer the current in Ri equals that 
in Ra. say 1; and the current in Ry equals that in Ry, say 
la, since 


go! 


Vpa = Voa It follows from Ohm's Law that 
Ry = l MR manne eeeeeseesese - (15.5) 
also since Vac = Voce, 
¡Ra F.. 7 —— (15.6) 
From equations (15.5) and (15.6) we have 


Ri _ Ses n 
Ra R4 


This is an important relation true only for a bal- 
anced wheatstone bridge ke, when rio current flows in 
the galvanometer with both keys Kı and Ka closed. Un- 
der balance condition if any three resistances are known 
the fourth (unknown) can easily be computed. A PANT 
of resistance measurtill ‘nts have been devised 
which make use 
àre the meter bridg 
ridge, callendar a 


3 


c4U6S only the first two. Medicos Hub 


15.5 Meter Bridge 

The meter bridge. also called slide-wire 
an instrument based on Wheutstone Principle, y * 
of a long, thick copper strip bent twice at right k lsty 
Two small portfons are cut off ſrom it near the "Eley 
provide the gaps across which two resistances a lo 
one and an unknown may be connected. Each gr k 
Ihree pieces of the strip is provided with binding Screw 
A uniformowire (of manganin or constantan) one m 
long and of fairly high resistance is strelchéd alongside 
meter scale and connected to the ends of the Strip (Pig. 
15.9). It is this one meter long wire to which the inste. | 
ment owes its name. ne 
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dition if the length of the wire Segment 5 
con d the length of the Wire se Ment Bp 
Lx a tances are p L toward 
en thelr resistan PL, Respects 
, th p is the resistance Per unit le th the 11 4 
ee coordina to Wheatstone Principle: re. 
Then 


x L 
en P Lx or x 


— — 
R PLR 


R Lr 


using this formula. X gan be calculated ic wis f known 
S 
resistance. 


5.6 Post Office Box (P.O.Box) 
1 * 


towards x 


Post Office Box is another instru 
wheatstone Principle. It is so named 
duced for finding the resistance 
er jault-finding work in the post 
95 It is more compact and easier to use. 


ment based on 
because it was first 


of telegr aph wires 


In a P.O Box the arms P and Q called the ratio 
usually consist of three resistances each, viz. 10, 
n 1000 ohms, so that any decimal ratio from 
oe to 100:1 may be used. The third arm, R. Is an or- 
SSi set of resistances. The unknown resistance, X, to 
1 ſorms the ſourth arm. 


et ee 
Ps Hua it 
Sf ms Sm ff E 


1 

iv EN E — 
— eS 
wr man 


and telegraph of. 
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nknown resistance approximately, 


17] 
he scale of the Ohmmeter, however 8 
near, 
Using different combinations of 
ifferent shunts across the galvanomet Cries a 


er 


hms) in mega ohms, etc, 


15.8. Potentiometer 


A potentiometer is a device for measuring the po 
tential difference {or voltage) between two Points of a tr 
cult or the E.M.F. of a current source, 


Consider a uniform resistance wire 
and resistance R, across which is connected a source of 
constant E.M.F, (e.g. an accumulator) through a kev and 
a rheostat to adjust and maintain a constant current | 
through it. (Fig. 15,12) 


AB of length E 


Rheostat 
Resistance wire of length L. and resistance R — 


A B 
; - sy. J 
<4— Wire segment of length lx. c Current = lo — i 
and resistance fx. ; 
l 
t 
a 
j Vida lore N 
I Gs ep a ei a ee > L VAR = [oR iv y 
3 — de wane an = — ed D 4 


14. bing A 
ig. 15.12 A Potential divider 
Fig. 1512 A Po entia d 


As the current Nows;-the potential difference be- 
A and B = Vap = IR, 


Su A running point C í 
„that the length of 
Ace = Fe. The poter a 


tween 


sitive terminals of a cell of unk 


li [ known 173 
standard <i 185 1 . eonngeled er x And a 
10 whic positive termina} of te the terminal 


t 
l ey of EME 1s connecteg mu. OS Current q 
ol poth the cells are joined to the joc Bätive terminals 


vay key and a sensitive galvanometer 


auced into the galvanomcter branch and Bon Go 
point C and length 1x are found forat. at the baan 


Ex = Vac “Ir, = 1p lx 
where P Is the resistance per unit length of the wire, 


Then pulling E, out of circuit, cell E, only is in- 
iroduced and the balance point C and length l, are de- 


¡ermined. 
Now Es = Vac = lx. = Ip A ———— (15.9) 
Ex 95 
. 15.10 
Thercfore E. 7. | In 


The equation (15.10) gives the ratio of the two 
emf in terms of the ratio of their balancing lengths. If E, 


1 uted. 
ls known, E, can easily be comp Medicos Hub 


The AVOmeter 


The multi-range ammeter. voltmeter and Ohmme- 
ler have been explained in the foregoing . 
Sometimes the three are combined into a compact single 
"re with one common galvanomeler. Sac 5 aa 


lances of 
also * 


‘f ; r m an?) % y. 
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scale type? Why? 175 


We want to convert a galva 

nom 
ammeter (b) a voltmeter. What 1 into (8) an 
in each case? We need to do 


Why 1s it necessary for an ammete 
or negligibly small resistance? 


What necessary condition má 
st 
measuring device satisiy? A „voltage. 


r lo have zero 


Why must an ammeter be connected to a circuit 
in series and a voltmeter in parallel? 


An ammeter and a voltmeter of Just suitable 
ranges are to be used in a circuit. What mignt 
happen If by mistake their positions are inter- 


changed? 

The terminals of ammeters are usually made of 
thick aud bare wire while those of voltmeters are 
quite thin and well insulated. Explain why? 


Why is a potentiometer considered one of the 
most accurate voltage measuring device? 
Describe a circuit that gives a continuously vaty- 
ing potential difference between zero and acer- 
N taín maximum value. 

45.13 What is a wheatstone bridge? How is it used for 
measuring an unknown resistance? 


15.14 Ina balanced wheatstone bridge. will the balance 
de affected. the positions of the cell and the gal- 
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Fig. 15.18 

15.11 A potentiometer is set up 
Ex of cell (Fig. 15.19). Th 
is 120 em long. E, is th 


to measure the emf, 
e potentiometer wire 
e emf of a ‚standard 


1 , 
“admium cell equal to 1.018 volts. When the key 1 only 


' vanometer cir- 
b closed to include — ee 
Cult, the £alvanometer gh es no deflection > key 2 only 15 
Contact at C. 5 6.4 
to include 
the 


balance 15 b 
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ELECTROMAGNE 


TIC w | 
AND ELECTRONICS S 


Electromagnetic waves: 


that a magnetic field which 18 a a fi” ¿ed 
an induced 8 ſleld. Maxwell showed that the oppo- 
site is also true:A changing electric. field causes an in- 
duced magnetic field.This symmetrical relationship. be. 
tween changing electric and magnetic fields shows that if 
a change of electric and magnetic fields Is taking place 
‘through any region. the electric and magnetic fields: will 
propagate out of this region in the surrounding 
space. Such moving electric and magnetic fields are 
known as electromagnetic waves.When an electromagnet- 
lc wave Is passing through some point in space. both the 
electric and magnetic fields at that polnt are changing 
with Ume.Maxwell showed that the electric field E and 
the magnetic induction B Nuctuate. E and B are zero at 
the same time and they reverse direction together with 
each cycle. Another prediction of the Maxwell theory Is 
that E and B are mutually perpendicular to each other 
and that both are perpendicular to the direction of prop- 
\agation of the wave: Fig: 16. 1. 
18. 1 


Ah) 
—ſ 


, m > $ — <i fe 
From IE EA: 
YOO WWW NY WW Direction of 
J a Geben 


* 


f 
I TOpapaN! 


Fig: 16.1 (The E and] 
pote Welling along the pi 


+ 


— 
* „* 
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182 | 
e shown that the specd ic) of the | 


rmicabillly and the Permy, ® 
vity 


It can b 


he pe 
wa lepends upon t 
cf ihe o through which it propagates 


] 
C= — ES 


Moo 
1 


= A 
Van x 10°”Tm/A x.8.854 x 10"?? C?/Nm2 


= 2.998 x 10®ms”! 


Thus the speed of electromagnetic wave is the 
same as the spced of a light wave in [ree SPacc.Maxyeı) 
therefore proposed that the light is an electromagnet, 
radiation. 


16.1 Production of electromagnetic waves (Radio 
waves) 


All electric and magnetic fields arise due to mov. 
ing charges.Our problem is to know the conditions where 
these fields would radiaie away from the source from 
which they originate. 


Now electric charge at rest gives rise to coulonit 

field around the charge which is stationary in space 

charge moving with constant speed ls equivalent to 3 

steady electric current which generates a magnetic field 

in the surrounding space. These fields also do not radi 
ate.Hence we should expect radiation only when the 
charge has accelerated motion.When we accelerate the 
charge.we do some work and thereby supply the energ 
which can be propagated out in space in form of electro" 
magnetic waves. Thus we know the condition that an a 
celerated charge 


For the 
have a simple 
shown ín Fig. 


183 
ota! rods connected to an alternating Source of Selen 
m — 


or Kr frequency v. This source ls known as oscillator 


ying wave shape of the potential as shown in Fig 16 5 
ho 
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fb) 
fa) 
tci Fig 16.2 


The oscillator causes lo flow back along the 
} 
antenna.The system Is shown at several times. In (a) Cx 


cycle alter start negative charges. have been pushed to the 
end of the upper rod and an excess of positive charges 


3 
remains on the bottom rod. At a time tha: Is > of a cycle 


later (b) 


mr. Jain and 


he d 
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OPposite charg 
tric feld Is u 
downw 


es- At point P in (a). for instance 
Pwards,but half a cycle 
ard.during the time 


bite. - 
later at oled. 
Charge 18 Nowing u 


between (a) and (o). e, x 
p the antenna from bottom e Si 
top end.This upward current produces a Magnetic le 
and the right hand rule tells us that the lines of nae 
tion ofthe magnetic fleld are of the form b- ue 
cles. Fig: 16.3 


— — — 
— v 


~ 
4 Ñ 
Y / 
Se a => — > 
AA Ea 
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Fig.16.3 


At point P,the magnetic Induction 18 
lar to the plane of the paper. directed horizontally away 


from us.Later while charges are Nowing back dowm the 


antenna,the magnetic induction B reverses direction but 
Is still horizontal. 


Perpendicu- 


Thus we see that at P two fields coexist and that 
the E-field and the B. ſield are perpendicular to each/oth- 
er. At P,the wave is propagated horontally. broad sides 


on to rods. at a point such as Q.the magnetic induction 
Is zero (head on view of the current) and hence no wave 
Is propagated along a direction parallel to the length ol 
the antenna. RES 


At any In 
surrounding th 
(the accompa 
plctty) for a 
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Fig. 16,4 


The field in the region X ts upwards, at Y it 4g 
yero and In the region Z, It js downward.Electrie poten- 
tial energy is stored wherever there Is an electric 
field: the diagram shows that the energy at this instant ds 
localized In the region X and 2 separated by region Y 
where no energy is stored.As the wave spreads out,the 
regions of the energy concentration spreads out. 


This is how the wave model explains the propaga- 
tion of energy by radiation. As clectrie and magnetic 
fields can exists in vacuum und hence no metllum is 
needed to transmit energy by an electromagnetie wave. 


16.2 Information Carried by Electromagnetic waves 
and their Reception. 


It is a common experience that sound wavesl20 
Hz to 20,000 Hz) in air can be heard only over short dis- 
lances, When long distance communication is needed 
and the free space Is the comn unication channel, AN 


Y AS 
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de audio tone of akHz when con ‘ 
ple, an alog li. e when passed throug, 
n 5 wavelength of (3 x10 
s certainly an imprag 
antenna required for the transmisg; 
21 one of 3kHz- The required Pract | 
be obtained by translat 


audio tone to a high 


ble length of 


and reception of a t a 
lenght,of the antenna may 


e 
shifling the electrical analog of th 


er frequency. > 

In the foregoing paragraph 8 AD ASS he 
regarding yp 

of an audio tone.problem í 8 ihe 

transmission and the possible sd u. 
i 


! [the antenna 
practicability O | 
tion. We now discuss another problem whose Solution 


> 

de ncy translation / shiſting. É 

once again needs frequency , 
During conversation we generate an audio sien! 


which has a range. Suppose the audio range extends id 
from 20H, to 10kHz. The ratio of the highest audio freed 
quency to the lowest(10kHz) is 500,and therefore the an. 
lenna designed for one end of the range would be pS 


ly too short or too long for the other end. Once again we 


can overcome this problem by translating/shifting 
audio signal to a higher frequency. For example, the au 
dio signal is translated to a frequency of Oa en ie 
range occupied is from (20H, +10%H,) to (104 
10°Hz)yellding a ratio of 1.00. Therefore translation of 
an audio signal allows the use of same antenna for both 
the lowest frequency and the highest frequency of the ra- 
dio signal. Thus | transmission of intelligence lie 
volce,music,code) is accomplished by translating the elec: 
trical analog corresponding to the intelligence signal with 
eee hey aio (radio wave) having constant amplitud: 
requency generated locally by the transmitió 
equipments. The ( NOT reque 
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The higher frequency wave havin 


ce 
and a fixed frequency is called A 
tud? audio signal is referred to as a modulating sı — 
as! ace modulation is a technique by which — 
There teristic of the carrier wave js some 


varied with 
de Ume in 
neordance with the modulating signal (intelligence) 

a 


Mathametically. A carrier Ways ls represented by a sinu- 


soidal 
Ve (v= A sir (Zrefet + È) 


where 

A - represents the amplitude of the carrier Wave 
fe- represents the frequeney of the carrier wave 
6 - represents the phase angle. 


The waveform represented by Eq. 16.1 is sketched in 
Fig: 16.5 (a). 


A single tone [i.e a tone having one frequency) modulating 
Signal can be represented by 


Vmlt) =B sin 2rf,,t 


where B and Ím represent the amplitude and frequency 

of the modulating signal respectively, The wave ſorm is 

sketched in Fig 16.5 (b). RAR IMAN i EM aN 
hr Man bd 
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PERCENTAGE OF MODULATION 89 

in amplitude modulation it is co 

to the percentage of modulation, 

The percentage oſ modulation sh 

ah the modulating signal modulat 
w 

t to which a carri 
ge, he 1 er has been amplitude 


modulated). Then if the modulation is symmetrical, the 
ereentage of modulation is deſined as 
p 


Amplitude of modulating signal(volts) 
M a “amplitude of the carrier wave(volts) * 10036. 416.3) 


(b) 


MINON practice to 
and designated as 
ows the extent to 
es the carrier wave 


refer 


x 100% cra (16,4) E 


Where m, is termed as modulation index and both m, 
and the modulation function,V,, (t). are constrained such 
[hat 


Va Wena: < 4.0 <m <1 
then M= m. x 100% 


The Fig: 16.5(c), Fig: 16.5(d), Fig: 16.5(e) shows 

the eſſect of different amount of modulations (1) the Fig 

16.5[e} shows 50% modulation(m,= 0.5) the carrier wave 

is under modulated and the power output is reduced. (il) 
Fig 16.5(d) shows100% modulation (m, = 1), the carrier 
wave la fully modulated with maximum undistorted:pow- 
er output. du) Fig 16.5(e) shows the modulation exceeds 
100% (m, > 1), the carrier wave is over modulated and 
the t of the transmitter will be distorted version of 


. Į il Di 


Sm 
> tri 
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this multiplication two new frequencies are gen 
Stray 
and are equal to the sum and the difference of me a td 


er wave frequency and the modulating signal weden 


cy. namely. (1) (e + fp). (u) Me- fm- 

In broadcasting a radio program. the Modula 
signal frequency(which corresponds to a single tone) ag 
ies continually over the frequency range (finn to f 15 
the modulating signal being transmitted. Atcordin; of 
single value of (fg + lan is replaced by a band of freque N 
dies extending from (fe + fimin) tO (fo + Fax) Called un a 
sideband as show in Fig:16.7. Similarly.the single Value 


of ([. - Im) Is replaced by a band of frequencies extend 
) called lower ‘sidebang 4 


from (e fmad to Me Imin 
shown in Fig 16.7. The width of each band is (mae - fai) © 


and the system needs a channel bandwidth of twice the « 
maximum frequency of modulating system. 


i.e Ifo + a — fo — PE A = Ae 0 
It is important to note that the information» 

l. e. the intelligence signal) is being carried by the side., 
bands which are symmetrically located around the car. 


er wave frequency. Pa 


a | 


+, Y AOS . 


(d) 


Medicos Hub 


191 
carrier wave 15 maintained at 

ri frequency of the modulated e 
ne in proportion to the amplitude of the modulating 
signal, and at a rate 4 by the frequency of the 
modulating signal. Fig: 16.8 (a) shows un modulated car. 
ner. Fig: 16.8 ( and b) shows that the frequency of the 
modulaled carrier, wave increases as the signal voltage 
inerdeses and that it decreases as the signal voltage de. 
Ácases- Comparison of Fig: 16.8 (b] and Fig: 16.8(0) 
<hows that the variation in frequency is determined only 
dy the amplitude of the signal, and the rate of variation 
* frequency of the carrier wave Is determined by the fre. 


„uency of the modulating signal. 
: 


Fig: 16.8 y 


The frequency of FM transmitter without any / j 
modulating signal input is called the centre frequency/ 
lor resting frequency) and corresponds Aab 
quency of the FM transmitter, FM 75 ur a 


? 


4 


operate at fr q eneies or 88MHz to 1 
ulating signal is ipplied,t | 
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nal. or intelligence, is recovered In the radio receiver 

ferred to as detection or demodulation.It was pr 5 

explained that an amplitude modulated Carrier „N | 10 
. = > * Le vol i 

has been modulated by intelligence ( de. musie) * | : 


sists of the carrier wave. upper sideband and lowe, a 
band frequencies and certainly does not contain 
modulating frequenicies. Therefore.the modulatur N | 
nal,or frequencies must be reproduced in the receh Si 
complete the transmission and reception of intelligenss - 


The carrier with its upper and lower sidebang 

are radiated from the transmitting antenna m the q 8 
of electromagnetic waves. These electromagnetic Waves 

turmincuce small voltages into the receiving antenna 
These voltages are fed to a tuned radio frequency ampli, d 
er with sufficient bandwidth to include the upper and b 
lower sidebands. If the receiver included only linear am. 
plifiers, the amplified carrier and sidebands would be fed | 
to the loudspeaker, however, this would produce no re. ~ 
sult because the loudspeaker cannot respond to rade 
frequencies such as the carrier and the Sidebands, : 
Therefore, the radie receiver must include a detector / 
demodulator to recover the original modulating signal. 


Since each modulating frequency is the difference) | 
between a sideband frequency and the carrier frequency, 
It seems that a non linear device is needed to recover the 
modulating Irequencies from the modulated carrier wave. 


The most common technique of AM dul 
Fig.16.9. The received AM Wave Is e i 
diode which acis a nonlinear device and eliminates A 
negalive portions of the waves. converting it into a pos! 
live function with PIO ee | 
message Is cc 
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y Separating Out the 
components as shown 


6.9 recovers the modulation b 


1 
in FIE m the high frequency e 


envelope fro 
in Fig6.9- 


D 


Amplitude 
Modulation 
Cámer 


16.2 The Band Theory of Solids. 


One of the active fields of research today Is call 
Solid State Physics. It deals with the structure and etec- 


Medicos Hub 


three dimentional view of a 197 
Fig: 16. Alum 
altice ¡g Shown in ss x 12 (a). where each ato crystal 
symmetrica y by four other re = is sur- 
orming a A 


rounde tal. Each at 
dral c. om shares a val 
alence electron 


etrane of its four neighbo 
with pao: f Urs.thereby forming a st 
structure. In case of pure (intrinsic) germanium ey 53 
valent bonds have,to be broken to provides o pal i] 
jon. mere are many ways of Breakin ns for 
g and hence setting the electrons free e cova- 
8 | 


A 


¡ent bon 
16.6 preparation of semiconductors : | 


Intrinsic serniconductors Ge and Si of group IV 
ave quite low values of conductivity due to small den 
per of electrons and holes produced by thermal excita- 


tion. 

To improve the conductivity and hence to change 
the electrical properties of semiconductors, elements 
from group III and V are added as an impurity in Ge and 
si. and the semiconductor materials are said to be 


doped. 

Thus doping is the addition of an impurity inva 
emiconducting material. Doped semiconductor ma- 
d as extrinsic semiconductor, in which 
atoms is about one part 


` 


pure S 
terials are terme 
the concentration of impurity 
per million. 
There are two processes of doping. 
(i) Donor doping 
(u) Accept or doping. a NY j 
a £ U 4 AN y P 
(i) Donor doping: L — G 
Consider the Intrinsie semiconductor Ge, dop? 
{group V antimony T 


eleme 
ermos 


BR 


P 
y 


Medicos Hub 
198 
trons of anlimony, the 
Four of the 8 four electrons of Ge Piy 
material, will form free charge Carrier. le 


s 
the Ath electron will remain a 
an electric field is applied. this free electron of anti N 


to the conduct 
ily excited to Jump ** 
will be easily and. Thus every antimony atom Intro 


from the valence b 
duced into Ge contributes a conduction electron ithon 
creating a hole. Hence in addition to the electron 


holes avalläble im Ge, the addition of antimony Erea 
increases the conductivity of the material, An this case 
antimony is called a donor impurity and It makes G 


an n-type In for negative) semiconductor. r 7) 


= 


4 
If group 1 elements (boron, aluminium or = 
| 


(11) Acceptor doping: 


um). which have three electrons in their outermost Orbit, 

are added as an impurity in the intrinsic semiconductor 
Ge or Sí, a deficiency of electrons in the crystal rei 
is introduced since three electrons of gallium are in. 
volved in the covalent bonding with the three atoms g CA 


Ge and the covalent bond with the fourth atom remains 
Incomplete, thus creating a hole. Since after doping RL, 


COT 


group III elements the crystal structure becomes capabl 
of accepting extra electrons, It Is called acceptor 

and the material is called p-type (p for positive)'se T 0 
duetor, due to the fact that there is a vacancy for nega: 
Live charge or there is an existence of a hole. After anpli 
Ion oan electric field their holes migrate to add lo 
de Semiconductors by the addition of impurity In 
W pr Pe enductors from group V or MI ele 
ly through electrons wh, ctor, Current carried is m2 : 
16,7 Crys: Vie 
A cryst, 
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2 


s to enter from n-type to p-type, 
ainst further movement of e] 


Prevents the 
Trier re- 


stil neutral. When a p-n junction diode is connected 
across a battery. it permits the flow of current in one di- 
rection. similar to that of vacuum tube diode, It is a two 
terminal device and Is symbolically represented in the 
following figure 16.14 (c). 


IF 


— Negative | 
: a E ; terminal! 
— 7 
bias „ . Pa N 
3 Cathode DEN > 
(P-type) ee O 
re 
| AN 
Fig. 16.14 (c) — A 
The application of some electric eg 4 


the diode is known as biasing, (Nn \ 


16.10 Bi rr Anar N y f 
The potential differenté across a p-ngefhction can 

be applied in two w. $ namely — 

(1) fc di 

(11) rev 


W Per 
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trengthened and the barrier he 
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ight 
wn in fg. This increased Pote 
7 


18 in 
ntial ba creased as 


h 
5 flow of charge carriers across e eee Prevents 
high resistance path is established k 05 on. mus, a 
nd hence the current does not flow Nlire Circuit 
a A 


i external field 
0 external field 


1 
i 
' 
’ 
+ 
‘ 1 
* * 
* ‘ 
t 1 


Fig. 16.16 


16.11 Semi Conductor Diode (Crystal Diode) 
Rectifiers. 


The device which, converts alternating current/ 
voltage into pulsating direct current/voltage Is called a 
rectifier. The following. two types of rectification can (be 


obtained using a diode (1) halfwave rectifier and (1). full 
wave rectifier, 


A semiconductor diodes, also known. as crystal | 
diodes, can be used for rectification purposes. The de- 
tails of each is given asfollows. , 17 “2 4 


bo. a E Y * fi A | > a ei 
U Halfwave rectifier: í — 


— — 

= 2 +r conducts 

In ha i W 2 YU i re LI. A a 011. N. ne pectilles: Ant 2 E 
Current on N 


> 
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5 
one direction through the load, e “Yel, | 


Circuit details : 


Figure 16.17 shows the circuit where a single q 

as a halfwave rectifier. The a.c. signal to be recty a, 
applied in sertes with the diode and load resistang h 
The de. output 1s obtained across the toad N.. 0 R 
ly. dlc. supply is given through a translormer: me . 
fransformer has two advantages. Firstly, it allows. 80 
step up or step down the a.c. input voltage as the an 
uon demands. Secondly, the translormer Asolal es the un, 
Ufer circuit from power Une and thus reduces the fisk y 3 


electric shock. 


> 


Output 
Input 


Fig. 16.17 


, Y 


Operation : 


Under condition 
conducts nó current 


EE 
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A Hence d.c. output is obtained across Ri. It 
giscct noted that output across load 18 pulsating d.c 
may ulsations In the output are further smoothenc:l 


rnese c help of filter circuits. 


Fullwave rectifler : 
(11) in fullwave rectification, current flows through 
‘nga the same dircetionTor beth half cycles oſ in- 
(he Ze. voltage. This can be achieved with two diodes 
PR alternately» For the positive hal cycle of inpul 
wor Y one diode supplies current to the wad and far 
yoltag y» half cycle, the other diode docs sd current 
the neg the same direction through the 


peing always in 
l d.Therefore, a fullwave rectíficr utilizes both half cy- 
030. 


jes of input a.c. voltage to produce the d.c. output, 
c 


Construction of Fullwave rectifier : 
i 


(iii) 
The circuit employees two diodes D; and D2 as | 


shown in fig.16.18. A center tapped secondary winding | 
AB is used with two diodes connected so that each uses 
one half cycle of input a.c. voltage. In other words Dr 
utilizes the a.c. voltage appearing across the upper half 
OA ol secondary winding for rectification while diode Da 


uses the lower half winding OB. 
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igstic capsule excep: the 


mu 
plack or enclosed m 


in a metallic z ted 
pe oa Sere characteristip ee 

mansum photodiode. With no — for an 
only the small reverse Saturation = tion, t ere 
nating the reverse blasen {Trent t). = 


Dor $ 
»rii June u 
de een. new umd- 
pirs are formed. the concentration 2 
yonal to the incident ught n e 


condition. the totai rever 


are 
16.1 


121. +1, 


where 1, ls the short circuit current and 
to the light intensity. Curves for three 
llumination are shown in fig. 16.199») 
Her layer Photoelectric cell, the spectrum sensitivity of 
photodiode is determined by photoelectric properties of 
semionductor material. Photodiode compare favourably 
with photoelectric cells in that they have smaller size 
and weight, higher integral sensitivity and a lower work- 
ing voltage. Photodiodes are used in high speed reading 
of computer punched cards and tapes, light detection 
system, light operated switches, production line counting 
of Objects etc. 


Is proportional 
different values cr 
- As with the bar- 


A 
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6.14 solar cell 9 
1 e 
A solar cell is a photodiode that 
from sun light. The basic const 


r 
on junction is shown in Fig. 16.21. 


IS used to extract 
Fuction of a silicon 


AS shown i 
t n the to 
view. Every effect is made to ensure that the surface eee 


e endicular to the sun is a maximum. Also hele tect 
the metallic conductor connected to the pe mMerial 
are such that they ensure that a Maximum number of 
photons of light energy will reach the junction. 


Incident suntight 


> 
Outer fi s „Glass 
/ 


cuntac! 


Top view 


Outer rıng 


P- a 
FR contact 


J no 
June n-type 


Metallic qt: Fig. 16.2] 
A photon of light energy in this region n.ay collide 
with a valence electron and impart to it sufficient energy 
to leave the parent atom. The result is a generation of 
free electron, and holes. This phenomena will occur on 
each side of the junction, In the p-type material the new- 
ly generated electrons are minority carriers and will 
move rather freely across the junction as explained for 
the-basic p-n junction with no applied bias. A simllar 
discussion is true for the holes generated in the\n-type 
material. The result is an increase in the minority carger 
flow. which Is opposite in direction to the conventional 


forward current of a p- n junction. 
* 4 Te material 


Selenium and si 
for solar cell, altt 
and cadmium s 
mercial silicon- 
sion efficiency | 


for converting 
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ransistor Operatlon: \ 


16 7 
The emitter-base Junction of a transistor is for- 


petion. 
cause O 


a 


tor circuit depends upon the emitter current, We shall 
discuss the transistor action for npn and pnp tran- 


tor3. 
Working of npn transsistor: 
Fig.16.23 (a) Shows the npn transistor with for- 


are bias to emitter-base junction and reverse bias to 
nector-base Junction. 


Fig. 16.23 (a) 4 


The forward blas causes, the electrons Jr 
emitter to flow towards the base. const! 


— 
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Here the collector base Junctio 215 
and the emitter base Junction is Re erse biased 
Increase the voltage Vor, the Major rd biased as we 


ted from the emitter and also More 
collector. Due to collection of More m 
the collector, the current 1 13 mer ajority carriers at 
the figure that the collector curren 
voltage between collector and e 
Jy we can draw the common 
also. 


16.18 Transistor As An Amplifier . 


An amplifier is a device that raises the strength of 
a weak signal.Fig. 16,27 (a). Transistors can be used for 


the purpose of amplification of weak Signals and thus 
act as an amplifier. 


To understand the function of transistor as an 
amplifier. Fig. 16.27 (b), the weak signal is applied bë 
tween emitter base junction and Output taken across the 
load Ro connected in the collector circuit. In order to 
achieve faltnful amplification, the input circuit should al- 
ways remain forward biased. To do so, a d.c voltage 
Ves Is applied in the input circuit in addition to the 
signal as shown. This d.c voltage is known as bias volt- 
age and Its magnitude is such that it always keeps the 
Input circuit forward biased regardless of the polarity of 


the signal. 3 
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change in emitter current.This causes almost y, 
change in collector current due to transistor 
collector current flowing through a high load — 
Re produces a large voltage across it. us a — 
nal applied in the input circuit appears in the 


* 
It is in this way that a 


form in thé collector circuit. 
sistor acts as an ampllier. 


Fig. 16.27(b) 


Dlustratlon: 

The action of a transistor as an amplifier can te 
made more illustrative if one considers typical circuit va. 
ues. Suppose collector load resistance R  = SK N. Let ús. 
further assume that a change of 0.1 V in signal voltage 
produces a change of ¡mA in emitter current. Obi 
the change in collector current would also be appre = 
mately 1mA.This collector current flowing through edler / 
tor load Re would produce a voltage = Sk x Im = 5. / 
Thus. a change of 0.1V in the signal has at a 
change of 5V in the output circuit. In other the 
transistor has been able to raise the voltage level ol the 
signal from 0.1 to 5V i£. voltage amplification 1s 50. 


QUESTIONS 
16.1 Under what circu u 12 


16.2 


16. 
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tentlal barrier in pn-junction? 
16.19 Explain photodiodes and solar cells 2 
1 
16.20 Discuss In detail the light emitting diodes > 


16.21 What do you understand by valence bang 
diction band and energy gap? “Con, 


16.22 what is transistor? Why it ts so called. Sh 
grammatically the battery connection to a N 
transistor (11) npn transistor, for it's normal N 
ing ? Ak, 
16.23 Describe the operation of a transistor amplia 
16.24 In what wave-length range do radar Signals le € 


I. 
PROBLEMS T 


16.1 


a 


Light is said to be a transverse wave phenome. i 
non. What is that varies at right angles to the d 
rection in which a light wave travel ? x 


A radar sends out 0.05us pulses of microwaves a 
whose wave length is 2.5 cm. What is the ſte · 
quency of these microwaves? How many was 
does each pulse contain 7 1 ) 


A nanosecond is 10°°s (a) What is the frequent 
of electromagnetic wave whose period is ins? 
(b) What Is it's wave length? (e) To what class d 
electromagnetic waves does it belong? 4 


4 
> 4 


| 
f 


3 


Ans; (0 Hz, 0.3m) 
With a sketch explain the working of (1) Half wat 
rectifier (ii) Full wave rectifier? 


Explain the difference between the band str cture 
of a semiconductor and that of a metal. Why does 


4 f= Ai 
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Chapter. L 7 3 


ADVENT OF M ODE 


PHYSICS 
— u 

The year 1900 not only Marked the 
this century but also the new era of modern ph 
would be rather difficult to mention all the e yslcs. It 
opments since 1900, but Surely there are du devel- 
events of pivotal importance which could be Sd e 
| yidlly. With in a span of few years JU Thomson > de 
mentally proved the existence of electron which was tak- 
en as the fundamental unit of electricity, Rontgen 
announced the discovery of X-ray. Henry Bequerel dis- 
covered the phenomena oſ radioactivity, 


beginning of 


Meanwhile, Max Planck's put forth his famous hy- 
pothesis, that in its interaction with matter, radiant en- 
ergy, behaved as discrete quanta of energy E = hv Also, 
during this period, Albers Einstein gave a reconsideration 
to the fundamental concepts of classical physics which 
led o his famous theory of special relativity. This was 
the turning point which made a line of demarkation be. 
‘ween the classical aiid the modern physics. We will dis- 
cuss brlefly some of the theories and experiments which 


laid down the foundations of modern physics in this 
Chapter. 


n FRAMES OF REFERENCE: 
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the distances from North or W Equator 
East or West of the geographic me - The locati * 
r is completely specin ot 
an acroplane or helicopte CS ed 
we state that it is 1000 Km ee * Pe 300 Ka 
North of that city. and at an Cievau O Km aboy, 


sea level. 


mé most-corfimonly used sei of CO-Ordinates 2 
the above mentioned) purpose ls the rectangulàn can, 
slan system and is often called as the frame of reſereg 
The reference frame 15 mathematically expressed Inter 
of a set of three mutually perpendicular. lifesdea 
axes of the frame of reference as shown In flg.(17 1), 


1 x 
F 


Fig. (17.1) A frame of reference 
(Cartesian system) 


Any point P referred to the frame of reference has 
its three position coordinates represented by the coord! 
nates (x, y, z).The line joining the origin O to the point Py f 


ls called the position vector. . of the point p with respect 
to the origin O. 1 Jf i 
— 

Havlng seen that d 
fied relative to a given ref 
that velocity must also bi 
Hence, it will be worthwh 
uon will appear to be 1 


which is moving relative 
To illustrate the a 


moving towards East at a Speed 
of 

js running from the back to e E Km/h and a 

speed of 10Km/h. This er ont of the raj) 


covers a distance of 1Km, as meası, 
rod or chain laid in the west- eas 
round, during every minute, as noted by a cl 

round along the-rall track. On the other 8 ha: 
that the man covers a distance of -l Km. Y 3 
by the measuring rod lald along the sek Aike m 
during every minute, as measured by the clock ke Ny 
the rail car. If we make the same assumption Shi x 
Galfleo and Newton that the measuring rod of chains x 
the rail car are identical with those on the Pe “ee 
the two clocks show identical time, then if i 


t direction along the 


u = Velocity of the rail car relative ic round | 


V = Velocity of the man relative to the train, 


We come across with the situation shown in Fig.(17.2). 


O. km  1.km 2. Km 3.km 4.km 5.km 


O. Min I. Min 2. Min 3. Min 4. Min S. Min 
(a) Displacement of train relative to ground 
O, km 5/6 Mi Medicos Hub 


0.Min 5 Min 
by Displacement of man relative to train 
Okm “km 2. km, 3. m Af 5. km 
i EEZ — 2 A A 


O. Min I. Min 
(c) 
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5 min, the train has covered a distance of $ 

East relative to the ground. The man has moy, 8 the 

0.83 Km East relative to the rall car during the 3 

terval. Hence the displacement of the man relative la ha | ne 
0 


ground during the same interval will be: 4 
(5.0 +0:83) Km = 5.83 Km towards East. | 

Similarly, the man's velocity (distance /ume) rel 5 
tive to the ground will be he se 
given by: A 
pe ll Eastward = 70 Km/h Basty \ W 
5.0 min ard, bi 
We, therefore find that the sum of u and y N y 
equal to v i.e > y 
væ U! ———— (17.1) y 

Considering any oiher time interval instead of ST 


min, we may establis that the above addition remains 15 
valld. We may also generaltze that equation (17.1) may ) 
be applicable to any velocities U & v’ regardless of their 
direction as shown in Fig.(17.11) below and write mat 
* ae cron) 


vi nA “A 


Fig. 75 


Equation 17.5 


of velocities for two frames one moy, 223 


on 
ng relative to 


other. 


RTIAL REFERENCE f j 
2 NN RAME; Medicos Hub 


The word inertial Is derived from th 
e 


{Jaw of motion which is often Called the! Newton's 
Inertia is an Inherent tenden of 3 of mer. 
La py bodies to maintain their stat ness pos- 
n motion. unless some external force is ard = “pel 
ange their state of rest or of uniform Mel ia, to 
y, we attribute an Inertia of either rest ae a is 
dies at rest or In motion with a uniform Sie Ne 
ht of the Newton's first law of motion e 


may define a reference frame moving with Leño 


ocity as an_Inentlal reference frame. With the use of 


ertial frame we determine whether or not the frame 
sa non constant velocity I.e whether it Is accelerating. 
ly U the frame is non-accelerating i.e has a constant 
locity, will an observer in that frame will experience 
¢ validity of the first law: A body at rest will remain at 
st in the absence of any unbalanced force acting on it. 


For most practical purposes we may consider. our 
rih as an inertial frame. However since the earth is re- 
hing round the sun, and is rotating about dis own 
s. a coordinate system chosen at earth, require forces 
hold an object at rest in this rotating frame. In the 
riet sense of the word, an object at rest in such a 
ame of reference will not remain at rest If there Is no 
nbalanced force acting on it. We are however, quite for- 


nate that the rotational effects on earth are small 
» Newton's 1; are applica dle on the 


Medicos Hub 

eneral theory for accelerat 

ecial theory of relativity iş 
Down as the postulates of 
postulates are stated as follow 
There is no preferred or absolute 8 
reference 1.e all the inertiaq 8 ertial frame of 
for the description of all Physical — Equivalent 
laws as well as. the Maxwell's Elec SANewton's 
equations). romagrietie 


The speed of light in vacuum iS the 
observers in uniform tr 
and is independent of 
and the source. 


ed fr 2 
£ ames of refere 29 
Sed on ty nee, 


Sp 


assu 
1 elatlvlty. The 


Same 
anslational relative Motion 
the motion of the observer 


The free space value of the Speed 
constant c which appe 
'g electromagnetic equation 


of light is a unt- 
ars explicitly in the Max- 


The value of 


the speed of light is very nearly 
al to 3x 10° ms"! | 


7.5 CONSEQUENCES OF SPECIAL THEORY OF 
RELATIVITY 


In developing the special theory of relativity we 
e seen that frames of reference ty relative motion 
a constant speed V have been used. If the speed 
es large enough to approach the velocity of Nght c. 
the Galilean transformations are found to be notice-/ 


wrong. To correct the state of affairs 4 will be nec- 
to introduce a factor called Lorentz or Relativ 


5 A. 
factor Y] - I, This factor is infact a measure of 
ES * 
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t wil be he 


Peed of 


hen 


mo = 9.1 x 10-31 kg 


3 
* 2 € 


Á 9.1 x 103! kg 9.11 10-21 9.1x 10-31 kg un 

18.2 x 10-31 kg 
3 

LENGTH CONTRACTION Ra x 


m= 


= 10.50 x 10-31 kg \ 


= 


In the theory of special relativity it has been 
found that the measurement of length of a rod in asta / 
tlonary reference frame is not the same when the rod is 
fasured by the observer in the moving frame ae 
ence with a velocity relative to the rod, der the 
Measurement is made along kt > ofr 
— 
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ss m’ at a rate a = <=. until the s 235 


any 22 large. Einstein, Concluded thai, o ders adi. 
ar ¡e the more energy a body Possess, th "EY has 
per mat body will display. Since, inertia 1, A € More In. 
er which is assoclated with mass, Thue N ol 
10 8 argument mass is simply a property a a 
“9 total energy of the body and onl “uled to 
t 


y the total 
w the total m ener 

gired. to kno 955 of the body. im, 

sp 


ecial theory of relativity total ener 
jated DY the famous Elnstein's equation: S are re. 


E = mice 0 
Er AZ) 
m this relation between mass and energy 
5 redicted that any process that changed the mass ore 
detectable amount would Involve huge amounts of ener! 
yy for example, a mass change of 1 gram is equal to an 
energy change of 9 x 1013 Joules. Such energy transfers 
will be discussed in more detail in Chapter 19, when we 
will study the atomic nuclear, We must bear in mind 
that the relation E = mc? is a direct and logical conse- 
quence of the mass variation mentioned earlier in sec. 
uon (17.6) under the results of the special theory of rela- 
tivity. e 


it has been 


Example 17.4 IN 
| | N 4 
Find the mass associated with the energy of a/ 


1 of 10 kg moving with a speed of 100 ms! y VA 


Solution: N ) y y 4 
The kinetic energy of the mass Is given by: 
E = 2 mv — — — «é 
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In! sity arbitrary units) 
piens - 


| [RS | 
ultra violet PA i A 
Y ¡E K 


/ ys : 400% 
— Va : — 
0.5 x 10 7 


Fig. 17.7 


ſrom the blackbody radiation curves we sec that, the 
wave length at which maximum energy of radiation oc- 
curs Is shifted towards the shorter wave length with the 
rise of temperature. The wave length for maximum Tadla- 
tion Amar Is related to the absolute temperature T of the 


> 


black body by Wien's law given by: 


* Medicos Hub ‘ed 


> * own as Stefan’ 

— Another BE describe the black” Way q 
also proposed in 005 law states that the total e ) 
radiation sae per unit surface area Is Proportion 4 
diated y cout sf absolute temperature Le to ff 
the fourt a e 1 

TN pl 

or, Es O T$ sa Ur fii 
where, 9 1s the Stefan-Boltzmann constant. y, N gi 

er these equations failed to predict energy distFibution p en 
the entire curve at all the temperatures. ú pf 


in an attempt to modify the’ Wien's law Rayleigh \ £! 
and Jeans proposed another law based on the assum ® 
ton that radiations are emitted by a large number > 
atomic oscillators such that each mole of vibration ws 8 
supposed to be associated with thermal energy KT, Where 
k is the Boltzmann constant. According to Rayleigh. v 
Jeans law the energy associated with a particular da og 
length is inversely proportional to the fourth power hi. 


wave length y : 


: (Constant) s Q 
e. E = A A (417.15) | | 
This Jaw has been found to give a good a N $ 


with expérimental results at large values of 1, For ware 
lengths near and less than Amar. the Rayleigh-Jean law. 
gave values which were found to be much too large Le | 
total energy tending to acquire Infinite value eren sf 
short wave lengths. This is called ultra rior Ko 


because it is a serious 
view, that the energy can not h 
perience we know that hot 
red light and not ultra y oli 
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7.8. PLANCK'S LAW - QUANTUM THE OR y, 

To over come the difficulties : 
essíul explanation of the Black 
11900) proposed a formula that correctly describe th 
lens ty distribution with respect to wave Teak a 
plack body. 4 perfect absorber or emitter of cada 5 
pig.(17.7) the"Previousosecllón. Planck proposed that 23 
diant energy comes out in discrete amounts or o 

energy. The energy content of each quantum was Mirean 
proportional to the frequency v y 


Energy of a quantum = a constant x frequency of quan: 


239 


in Providing a Suc 
body Curves Planck 


E a As a MON (17.16) 
vu=c/dA , where is the velocity of light, 
he 
have, | . dee (17.17) 


The constant, h, Is known as Planck's constant, 
ince proved to be a fundamental constant of na- 
ure. By matching theory with observations the value of 
h was determined to be 6.63 x 10 J-S. 


The success of Planck's Theory is that Il avoided 
the ultra-violet catastrophe by limiling the energy of a 
hot body to a finite number of sources the -high- 
frequency quanta require more energy; hence. fever of 
(heir would be radiated. On the basis of assumption that 
energy could only be emitted or absorbed by atomic os- 
cillators in discrete quanta, the Pianck's law would be: 
K. 17.18) 


a Thus we see th 
5 virtue; it worked 
*Periment Le theore 


240 


radiation mat 

was a revolution ete as disc 
es, 

tion not as wav of the different radiation y 

on nich it 15 evident that the 

om W 's Jaw are just the Spe en, 

h-Jean's la a 
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_ The price for this ~ 
bout electromagnetig * 
rete quanta of energy. la, 


ched reasonably 
oncept 2 


A compans 
given in Fig.17.8 fr 
Law and the Rayleig 
es of the Planck's law 


Va 


Planck's law 


Energy 
(Arbitrary) 
unit 


À (in Microns) 


Fog. 17.8 Comparison of Radiation Laws. 


To appreciate how great a departure Plancks law. 
is ſrom classical theory, we may recall that classically, 
the energy of a wave is related to the amplitude. For ex: 
ample, large waves, such as ocean waves have a larg 
energy. That is no need to relate energy with the fre 
quency. We can have waves of low energy and high ft 
quency and vice versa. According to Planck's theo?) 
however, each électy —— serine with II 9 

minimum ene 
novel Idea t 
posal to 


tion in mod 


Medicos Hub 
gxrample: ai 
what wlll be the energy of an X-TAY quantum of 


10 
„ve length AN ink: 
w 


Given: h = 6.63 x 10% 3-5 


= LOA =101 m 


C= 3x 10% ms”? (velocity of light) 


To find, E ? 
from Planck's law we have: 
E hv 
But v= 5 (wave equation) 


he 6.63 x 10 J-S x3 x 10% m/s 
i 10m 

Hence. E = 19.89 x 10738] = 1.99x 10715; 

17,9 THE PHOTON, 


E = 


The photon is, a particle that has no charge and 
no mass, It can interact with all charged particles as 
well as with some neutral ones it Is electromagnetic ra- 
dlation and the carrier of electromagnetic forces. Every 
atom is found to emit and absorb photons: of the partic- 
ular. energies and frequencies. 


The photon is the lightest particle. being a mass- 
Particle Its energy Is: 


E —— 1 | 1 7. 19) 
e photon. 


ton the mass of 


Medicos Hub 


242 
mc? e hv 
| 
Ho 
m Tr ²· r TEE 
or, c? mse, (1 


from, this It-Is Wr obvious that the mass of 
proaches zero as c° Is a very large quant 


y cur, 
thé denominator of equation (17,20) 


The photon is a stable particle and, t 
does not decay spontaneously into any other pa 1 
life time is therefore infinite so long it dogs not Article I 
interaction with other particles, and Is why Phötom Y 
supposed to be reaching our earth from the farts g. 
tances of the universe. Thus most of our Informatio, 4 
garding the universe is carried by photons. E 


Example: 17 6 


Compare the energy of a x-ray photon of wi 
length 2.0 x 107!° m with the energy of 2. Oum infrarea 
photon, 5 


Solution: da 
We have the energy of the photon of AS 
by: A $ 
E, = ho, ~ 
But, vi = — | X 
> ©, 
et Hu, 10 
Lg, E, = 9 


Medicos Hub 
Ez = 9.945 x 10-20 


F E] 9.945 x 10-18; 243 


TES 9.945 x 19-20 — 101 
10. THE PHOTO ELECTRIC u 


Hertz in 1887 discovere 


that 

rtain meta) when 

t falls on ce S, elect Ultra 
3 mena in which certain met * are Vloler 
2 posed to high frequency light is called 
fect. The experimental arrangement to q Stoelectri, 


17 ECT; 


ef. 
effect 15 shown in Fig.(17,9). tthe 
Ultra — 
Violet — Batte 
Source % = y 
of Light 
pa Milli Ammeter 


Fig. 17.9 The Photo Electric Effect 
The observed photoelectric effect has these features: 


Increasing the intensity of the source of light, m. N 
creases the number of photoelectrons. but not he / 
velocity with which they leave the surface of the / 
metal, yY L 


For each substance there is a efta uch 
called the threshold frequency be whieh ec 
fect does not occurs U 


The higher th 
greater the 
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but no successful expla 


wave theory of light. i nat 
obtained due to the following reasons: On a 


(a) From classical theory. there should be A 
old frequency because at a given Ume, a0 
might absorb enough energy from th Rn 
light to escape from the metal surface a — 
plied frequency. > 
(b) The velocity of photoelectrons should i 
upon, the amplitude of the wave incident la 
metal, and therefore upon the intensity n 
al 
than the frequency. Dey 


Let us first discuss the experimenta] Tesy 
the photoelectric effect. if we draw the photog 
curves by plotting the photoelectric current 1 vers 
accelerating voltage Y we will obtained the Curves 
in Fig. (17,10) 


ol 
tety I 
us the 
Shown + 


(A) l 
- l at intensity 
Photo electric tensity 11] 
cae for 141 
different ; 
intensities "A u i 
) Saturation 
t current 


; V(Volts) — 


Vo 
Fig. 17.10 


From these curves, it follows that there Is a salt: 
raion Current for different intensities I, II andal ele 
and even when the potential v = O. mere is some photo: 
current ly and a negative potential Vo called stopping 
potential. This behaviour of photoelectric curves indicalt 
that the Stopping potential is indenendent of the intens 
ly of the source and M | 


{rons will be maxim 


A d K re 
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Vmax = ma 


> 

r 

a. Me Velocity of 245 r, 
Photoetee. 


e = charge of electron 
if photoelectric curves e 
encies Vi and Va but the 3 ted fo 
the curves show up the 

I (HA) 


u 
urce. 


in 
fi Mowing 


Intensity | 
Onstani | l 


Saturation | 
| 


Current 


Vu V 
(Vo), ( ), Fig: 17 1 (Volts) 


From tuese curves we infer 

current depends upon intensity and nabe Sn | | 
cy. However, the stopping potential becomes more — | | 
tive from (Vo); to Wolz with the Increase in frequency (Va | 
> Vi). The variation of the maximum energy of photoelec. i 
trons Kmax as a function of frequency y may be seen 
from Fig. (17.12) below: | 


Kmax = 
eV. 


Fig: 1712 


This graph shows 2 threshol 
minimum frequenc | 

metal surface. TI 
IS that the slop 
Constant h q Ar 
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246 LANATION OF PHOTO gel 
TEIN'S EXP 
* e EFFECT ON THE BASIS OF Quay y ye 
THEORY. ip 
in provided a successful 


Albert Einste "tage ray, 
of the photoelectric effect on the Quantun, 


osed that an electron Cither abso 

E i ór it absorbs a cy tha è 

eléctron may absorb more than . * WA is negina 

because the number of photons is muc lower į a 
ns. After absorbing a photon, an electron e 
leaves the surface of the metal or dissipate Its Wu 
within the metal in such a short time interval arg 
almost no chance to absorb a second photon, An + 
crease in the intensity of light SOUTCE simply in O go 
the number of photons and the number of electrons, py El 
the energy for electron remain unchanged. However. the Flo Ge 
increase of frequency of the light increases the energy y K 
the photons and hence the energy of electrons too. — e 
A* 
EN 


electro 


Thus according to Einstein's quantum theory, a 
electron absorbs a photon of frequency to acquire an en. 
ergy equal to the energy hv of the photon. The electron 
may lose some of this energy before leaving the me 
Surface and is ejected with a kinetic energy less man 
or, it may lose all of ils energy within the metal ve dd 
not escape at all from the metal. This is true eve 
photon absorplion occurs at the metal surface because 
there exist a force of attraction which i electrons 


{ 


within the metal, = 1 Y, 
mne energy required io overco e this binding 


ſorce is called u ol the particular 
and is denoted by ꝙ which constant of the m 
Hence the Einstein's e 


be written as: 


— 
al 
meldi 
ee 
«Yd 


Kae. 
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The graph in Fig, 117 10 
1d frequency Vo IS a Minim ) Shows 


at 
0 electrons escape out of t A “Quency b 
condition 10 find the threshold fr ae Surface 
dency wou 

hu, = =o Ould 


je. the Einsteins equation will pe 


+ max = hv wgs 


Come: 
se | 
The threshold frequency for 

8 


shown In table (17.1). ome metals * 


Table 17. 1 


Photoelectric Threshold Fre 


non of Metals. quency & Work Func- 


ical rr Frege a A Wak Fond an 
Cesiurn 4.6 x10!* 10 

Beryllium 9.4x10!4 

itanium 9.9 x10!4 

Mercury 1.09 x10? 

Gold 1.16 x101® 


Palladium 1.21 x10!? 


it Is, Ao be poted nal. 


For comparison with these values. 


Les 


Example: 17.7 


Sodium light 
on a photocell. A ni 
needed to stop the 


e) Find the wal 
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Ai 10-10 24 

z £ 9 

vx16x10 = 2.07%10-19 90 x 10-19 
2.07 


1.6 


Yy = 


Vz 1.29 Volts 


7.12. pHOTO CELL AND THEIR Uses, 


A simple photocell baséd on 
js shown in Fig. 117. 13) 


on the photo Serie e 


Concave A | be, 
Cathode Fig. 17.13 A simple photocell d D 5 | 
(metal) y | "o 


The photocell or photo tube consist of a evacuat- N 
ed glass tube fitted with an Anode plate and a concave 
metallic cathode of a appropriate surface. The material « 
the cathode can be chosen to respond to the ER 


source. The photocell is connected in 2 
in Fig. (17.13). to operate for. biokin = 


use | 


Medicos Hub 00 
250 | i 
ser belt. | o N 
n a conve ny in a d 1 
o A automatica y Gilding 600. 
ro open * ; . 
= erate burglar BT Pwe 
(c) To OP , ission cells there are ve 
s Photo-e 1 ph 5o ph gi 
Beside which an internal p otoeieetr ha t 
e cells in rriers in a mat a e | 
conductly te free charge ça Raa x W pad 
ma zus n insulator and Ko y ee a. Clecty 06 1 
ise ‚000 ES when jt). a 
othenw avi) by as uch as 1 AS sted Wa T 
conduc by a light source. Suc als BATS. ea, N 
minated Actors, A current will flow if the Photo x, 
photo con “ial is in a circuit with a source ol... 


ducting mate 
motive force 
for the following purpose: 
(1) Detection and measurement of infra-red radia. | 
tions where the wave length is of the order of e 


10% m. 


le. m. photo conductive cells may de use i 


(11) As relays for switching on artificial lighting, such 


as street lights. 

There is yet another type of cell known as photo E” 
voltaic cell which may consist oí a sandwich of Copper; 
copper oxide and a thin film (layer) of translucent gol 
an em. ſ capable of giving a current of ImA can be ger 
erated-when the film is illuminated. Such cells need m 


se 
LY 
ae 


source of e. m.ſ and are frequently used as exposure me 

ters in photography. The exposure meters are required d 
set the aperture (opening before the came = Jens) ol the 
camera compatible to the day Light intensity à 


Besides the above mentioned uses, the most IM 
portant use of photocells in of modem everyday lle 
the production of pictures 
sound tracks of motion p 
of much usage, the 


. 


=- . 
{ sensitive material that e Medicos Hub 


m 
ue’ he electrons collect a it electro 


ed. ight er 
. the current being pro nt Secon en Muny 
an sound informa Onal Ctrog A 
uon. a tion 18 st to th © the 


- pa 
rm ol spo's ol varying widths. Ted on the une 
‘ ween the light source the Photog en such a fi in the 
nsity reaching the cel cause eh. 


Ons 

y pu In u 

En that, after-being amplified, RER in the = 
roduces sound. Th ates a A 

and rep is is diagramalicall Uds paker 

ag: 1? 14 Y Shown i. 


Photo Celi 


Mata 


pac ture 


Sound track 


$ 
Sound track 


Fig. 17.14 


17.13. THE COMPTON EFFECT: 


nat when x-. 
It was ‘reported by many observers et e is 
interaction with A ig u 
red rays exhibit lower | 


uencies (Le. Higher wave lengths) (ho omena 


dlations, Arthui 
change in wavele 
Measurements, 
vased on the id 
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¡ations 
tion of momnt 253 
nserva um along the tin 
hvı hva cof Pact 
— = cos + p cosg 
c c y 
pservation ol momentum ACTOSs th 117.23, 
O * 8 snO p sin ERS 
tion ol. energy bef, poa 
nserva on Tey cfore and 4 
2 er Collisio 
hù: + moc =hyy+E ~~ 
o A A (117, 
To obtain an expression for the Fa. 25) 
4 function. of initial frequency di requeney y, 


We have to eliminate p and E Air > Wa angle 
vation, using the relativistic relationship \ = three 
d p. Alter performing some routine mathem een E 


atical st 
d simplification we will finally get the following ha 
n, 


1 1 h 


v2 v Moc 


z [ 1- cos 0) === 5er 17.20) 


g the relation y > equation (17.26) reduces to: 


Y i 


Ao — 41 — 
Moc 


Equation (17.27) is the famous/compten formula 
the increase in wave length oſ the scattered photon. 


h $ wy >» eS ” ed 
quantity —— in the compton’s equation is call 
— ds | M 
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tne role of the heavy nuci 
ing photon Is Just 10 * 
m in order to Conserve the 


na! 
¡pco 
ent 

Due to the large mass 
coll kinetic energy of the Nuc 
A compared wun the kinetic e 


n my 
m conservation in patr produe Of the Uinie 
E on d | 
ya amet? -K. El Ey (KE) E 


( 


Since the proc (1 
Process of pair Production 7.29 


f a particle & nwa 
creation Q its anu-pan 
mes referred to as the Materializa tele, it 2 Ihe 


förmmity with the mass-energy equ N of energy > 
cussed further In chapter-19, lence to be dis. 


It has been observed that a 


pair production may also occur by the destrua 

nihilation of the electron-positron pair with ho or an- 
of at least two or more photons. The 29 Male, 
process Is schematically shown below in Fig. Man 


€ 
4 ER 
e 4 PP 
(Positron) LP ) ‘ 


Before annihilation * 
k Y 


process reverse lo the 


huz 


ho: MA! 


— m 
created photons NY A 
Fig. (17.17) MAA ctron posi 22 


In pair a 
Particle come 


into radiation 
ze direction 


PA E 
3 Medicos Hub 


of electron positron 
ted in the annihila Parr la 
A pro. 


mas? energy 


rest 
ence Y h crea 
3 ench P om 
1,0 pj n energy of 0.51 Me 
wi 
cess conservation equation for the process wi a 
the ener i ñ esa | 
qa ¿E? n K. E. 26 a 
(muje? 0 
Example: 17.8 y 
A photon of wave length 0.004A in the 
d oduces an electron Positron X 


cavy nucleus PF 
tic energy of € 
15 twice that o 


0° MeV and, mec? = 0.511 Mey 


ach particle if the Kinetic 
[ the electron. en. 


of a h 
Find the kine 


ergy of posit ron 


Given: he = 12.4x 1 
From the law of conserv 


Initial Energy = Final Energy 


ation of energy of wave: 
he a 
pl + (K. Elg + EJ.“ 


= — =2n 


12.4 x 10 MeV | 
* rr =2 (0.511MeV ) + 3 (KE) el 
3 


0.0040 
3.1MeV = 1.02 2 + 3(K.E) € 
„ N (3.1-1.022) 4 ( Y 
(K.E): = MeV de 0.692 Mev. h he 


SN aN 


7 
A 


Hence {K.E)e* = 2x 0.692 ev 
= 1.384 MeV. | ) E 
Example: 17.9 bie” 
Pair annihilation = - f 
due to a 1ead-on c 


Sion of an electron and a pos 


solution Medicos Hub 
j law f 2 
applying the of energy Conse, 57 


at 
2 mec K 2 (Ej On we have. 


yhen K = K.E of the particle Photo 
n 


mus, We Bet: “ore collision 
a 210.511) Mev 4 2K =9 | 
~ 2 (2, 
1.022 MeV + 2k SME) 
a 5.0 Mey 
2K = . É 
of, (5 = 1.022) Mey y 3.918 Mey 
K = 3,918 
= — 
2 MeV s 1.989 Mey 
172,16 THE WAVE NATURE or PARTIC 
BROGLIE "YPOTHESIS, LES AND pp. 


DeBroglie in 1924 put forth an 
the DeBroglle's hypothesis: If light (electromagnetic radi 
aton) can have particle behaviour, then material part 
Wes, such as electrons and protons etc. can also behave 
Ina wave like manner. Thus a Particle, like 
dossess a Momentum given by: 


| 
dd Een i. 17.31) / 
| 


ovel Idea called 


electron can 


Where, m is the mass of the particle (as defined | 
in special relativity). This reiation called deBroglie's\rela- i f 
lom. has related the electron (a particlel. and the ways 
character of a frequency . Thus we can nie donn p 


wave length associated with the particle > e 
h ; = 
À a 
mv 
Although, 
veloped for the 


including 


1e2-663x 10” m 
Hencé we sec that, such 2 small ander of qa k 
measureabie. 
> 7 | = Uke an N 
moving with a velocity say 10” — thè 8 


be 
h 663 x 10 


** ur 3.1 101 107 


magnitude > 
this order of ol the wave Dumm falls tn yy 
short x-ray wave length and is expetimentally measu 


= 0.72 x 10% m D 


Example: 17.10 | S 
What will be the de Broglic wave length al a mass, 
of 3 kg moving with à velocity of 100 ms! k £ 
=. | ( | W 
from deBroglie's relation we hawt : 
\ x; / 1 


4= — o = 22110 
2 MR o 3x10. J 


Me, ¿UL 


= — Zu 1 Medicos Hub 


1240 x. 107% 
As OO — 


10.265 * 116 x 19510 > 


J sei up which was enclosed m a 
chamber is sbematically shown in Fig. (17.18). 
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260 made to count the number of elect; 


f d 
he crystal. Davisson an ee. repor SA 
a result that electrons reflected Very > a. 


les only and not at other direction Ong 
d unexplained for some time tain! N; 


perhaps. this was an outcome of 2 
avisson and Germer then further 5 Tp, 
gated properly oriented crystals to observe y bes 
possible to interpret that electrons behave a Ry 
Cave length 1 as given by the deBroglle's relation N 
They calculated the wave length of electron fr | 
known accelerating potential V by applying the relat 
for kinetic energy of the electron Le. oh 


un-expecte 
at certain ang 
resulls remaine 
suggested that 
lies relation. D 


ts of 
7,39) i 


movꝰ = eV 
ZeV 

so that v2 in nn. 
where mo is the rest mass of electron, e the Charge and dis 
Wits velocity using the deBroglle's relation: ide 

: ) 

h h h a 
A= ln mm a ee ir 
mob moy ZeV 7 2 emo h 
mo A 
The wavelengths found from this formula agreed 


with the deBroglie's prediction and it was coneluded that | 
electrons are/reflected from various planes oſ the crystal 
in the same manner as their deBroglie waves should 
reflected tk e a nr ner has 
provided 4 hi 
partici | 
it has b 
tons, ate 
wave effe 


a ae 


t 


Medicos Hub < 
ntists believed that light 


1 
dungs m Was th 
performed. Finally by the e Terence ex tn e 


d his law that electrom 
he form of light 


trated that parti 


agnetie radian, lane 
quanta (Photo 


ONS are l 
ns), It Was Milteg 
cle behaviour 4 


* Could exhibit wave like 
aviour. hence, It is said that | 
exhibit a wave-particle duality Le. in certain situa. 
s it shows wave like Properties while in other circum- 
ces it acts like a particle. Si 


nce these are the only 
possible modes of propagation of electromagnetic en- 


It is essential to have a clear understanding of the 
metlon between waves and particles. A Particle is 
ntified by its position, momentum, mass. energy and 
rge. On the other hand a wave is associated with at! 
utes such as amplitude, velocity, intensity, “oo 
th. frequency. energy and e A 1 me 
ibutes one of the most distinet d Page $ 
e and a particle is that particles can Caine 
whereas wave are spread relalivel nf 
aln positions, nas Ke Noche 
e region of space. In other wo sico dy pros: 
| E o cross a silt 


7 


OS 
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mt that the left hand 
ns it is evide e le Sides of U y 


pressio 
equations involved the wave aspect of photons 
and A. whereas the right hand sides display the Eh y 
character through E and P. The linking factor 2 lee 
the two aspects is the Planck's constant h. and Ween 


the particle wavelength will be given by 


X h/p = 


There is also another difference between Pha. 
and ordinary objects tn the manner through Which the 
wave and particle like properties are related. This-g 4 
cause for a photon Av =c, and hence there Is only a s 7 
gle rule to obtain both 1 and v from Photon's * la 
like properties of E and p. On the other hand for ordl. 
nary objects, separate rules are required to Specify us 
wave length by the relation 4 = p 2nd frequency by youth 
= E/h. E 
inspite of the wave · parucle duality of radiation and ma. 
ter (particles) it has not been possible to witness a ale 
phenomena in which radiation or Particle exhibit bo : 
wave and particle characters simultaneously. All a 
physical phenomena clearly fall in two Distinet cate e 
of-exhibiting either the particle or wave like behavior 
radiation and matter. Thus, a complete description of el- 
ther radiation or particles requires in either casé tha 
both the wave and particle features be considered, bu 


each in its own proper perspectwe ol the particular phe 


17.18, THE UNCER: PRINCIPLE: 


In 
position 4 


muita. 
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it, we can a 
cin’ on a Pp) Won‘, P a 
b e een N. 
cha velocity. But Srtainty) cal me 
and i San we Its f 
pP” ultaneously in Make s a 
E articles? Pic World f Sure. 
patomic p 0 ato 
su 


and 
It is found’ that howey 


er fefine we mak 
fuments there is a fundamenta lmitaft FE our 
cy with which the position 7 


he corresponding uncertainties in po 


g to Heisenberg's principle of uncertainty, the Product | 


s 2x Ny N 
milar relations follow for the other two y and 2 dee. 


! t » in our 
Although it 1s difficult to ee 5 $ 
everyday observations but it is nec y 


c consequences of the d 


UN 
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Fig. 17.19 


If a particle beam strikes a slit, those 7 


through the slit must have been localized in a region. ` 
Ay =d. where d is the width of the sli 


a 

t. If the Preis 

ordinary classical particles. they will’ strike the, screen | 
along a thin strip Le. the projection of the slit on the 


NJ Y i 
screen. But if a wave crosses a slit, en ma will be a 


diffraction’ pattern wider than the width of the. qu pie 
jected on the screen, The widt of the diffraction pattem 
on the scı ji 


will be found to increase as the width d 
the slit is reduced in Sue > 1 


A par 
[rom the cen 
tum ay alon 
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The relation between the si 265 
tance to Ist minimum i.e, 9 y A* Sheath an the di 
(he slit narrow by reducing d. Ows that f we Er 
width i.e. Increase the uncertai, nly in Crease th 8 
write * A nee we may 
0 = = >. 
AA p IAN — 
ꝙ4/ Ak (17.36) 
The definition of the angle-@ <e} Lives: 
4 
e = 2289 
. er a 
and. by deBroglie's relation we have 
h 
* N] nn 
P. — (17.38) 


Ap, A h 
Le, Ap, by =h g iii — 117.39, 
Equation (17.39) is therefore consistent with the Helser- 
berg, uncertainty principle stated in Equation (17.36). 
Similar to the uncertainty relation above there ts 


another principle of uncertainty which limits the accura- 
cy in the measurement of time Le. if AE is the energy 
imi- 


uncertainty in time dt then we have an expression s 
lar to (17.39) ( y . 
9 a d ' 4 
y) 3 = f- x f 8 y 
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266 B 
that the uncertal 
such nty relation is 


mentum are 
cally applicable. 
Example: 17.12 

Find the uncertainty in momentum ang th 
ic energy of a electron if itis found to exist ns ine, 


er, 


equal to the diameter of Hydrogen atom. region 
Solution: 
Given: B= 1.05 x 109% J-S and m= 9.1410-3 ke 


diameter of hydrogen atom = 10720 


vs 1.6 x 10% 


he: 
using uncertainty relation 

f Los- 10 AS 
Ap = i = ig = 1.05 x 10°24 kg my 
Now, kinetic energy of electron 

lap? (105x 108 kg ms J 


= 6.1 x 107'9 J = 3.8 eV, 


Example: 17.13 
Determine the minimum uncertainty in the posi ` 
tion of a particle of mass 5 x 107% kg moving witha 

i speed of ams The momentum can be determined:to a 
A, 8 ol one part in a thousand. 4 


= 1557 103 4-5 1 
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hh 
4 = 1.05 
Ax = = X 10-34 
Ap IO XS Rag: : JS 267 
25 05 ä 
xa -28 
0 =10 ms 1,05 X 10-20 


what will be the uncert 
aln 
fon thrown to a higher state — an aden of an ges 


ck to the original state in about 1078 n and falling 
10.8. 0 87 Giv enh = 1 05 


Using the uncertainty relation: 
AE At 2 
h „ 1.05 x 1073 ys 
At . 1078 
“ AES 1.05 x 102%. 


2 0.65 x 107 ey 


OUESTIONS 


e have. AE = 


Discuss the black body radiation f 
clated difficulties in qye the 


curve. U u * > 


Discuss brief 
Principle of u 


.1 What do you understand by a frame of reference, a 
and what are Inertial frames? 


Give the principle of relativity and explain the 
postulates of special theory of uc y y i 


= 
Pe 


Os / 
lation 


r= | 
7 Medicos Hub i | 
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17.6 How can you demonstrate experimentajty 
particles have wave-like particles? hay 


17.7 What is a photo-cell? mention some of ji 


s us 
the modern life. SS in 


17.8 Explain, why 1s compton effect not 


with visible light? able 


17.9 What phenomena require a wave desen 
light? What phenomena require a particle pictur 


of light? How are the two aspects related quant 
tatively? Pi 


Plion 


17.10 In what way do the particles of light (Photons) du. A 
fer from particles of matter such as electrons ang | 
protons. ‚dh 


17.11 In the photoelectric effect the energy of a 
lectron 1s less than that of incident 
plain. 


Photos. < 
Photon. Ex. | ` 


2 
17.12 How did deBroglie's hypothesis help to explain the G Í 
stability of the atom? > 


17.13 With the help of Uncertainty principle show oy y 
electrons can not exist inside the nucleus of an 
atom. 4 


PROBLEMS 


17.1 in the Inertial frame of a pendulum the time pert- 
od is measured to be 3 s. What will be the period 
of the pendulum for an observer moving at a 
speed of 0.95 č with respect to the pendulum? 


— Ans: (9.6 5) 


17.2 Wha 


th 
th 


SS 
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Given mo c = 0 511 k ; 
and the kinetic ener -rma the 10 
with a speedv = 0.850. Of an 


Ans: 10.970M ; | 

The total energy of a Proton ev; 9-459Mey) 
is three times tts rest en 7 

(a) Protons rest energy x 


(b) Speed of the Proton 


f 
(c) | Kinetic energy k of En > x | 
c= 3x 108 ms”! | 


and lev = 1.60 x 10-10 


Ans (939 MeV: 2 82 x 10 ms ' and 1378 Mev l 
A particle of rest mass rity, Hh a eV) | 


Speed 0 = 
0.8C. Find its relativistie Momentum, its ki. 
netic energy and total energy > 


J 


‚6 What will be the velocity and momentum of a * 
ticle whose rest mass is m, and whose kinetic en- 
ergy is equal to its rest mass energy | Ä 


Ans: 2 C. V3 me, 


7 The sun radiates energy at a rate 3.8 x 10% w..At 
what rate the mass of sun diminishes? 


Ans: [1.32 x 101? kg per yrl 

| AS | 

(Given C 3 x 105 m pee “A, 
8 What will be the work function of a subes | 


ñ 18 


a ES 


5 


79 What will b 1 
6.63 x 10%, 
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> e= 1.6 x 10?” C and Vo = 10% y 


Ans: (1 24 y 100 


In a complon scattering process, the r my 

change in work length of x-ray Photons ya 

an angle 9.2 120°, find the wavelength or a 
Of . 


used m the experiment. 


17.10 


Ans: (3.63 ee 
{7 11 Find the wave length of a 2,08 light ban 


ny 
with a velocity: * 


fa) 1.0 mm per century (b) 1.0 mg"! > 
(Given: h = 6.63 x 10 J.S and lyr = 3. 15 x 1075, ) 
Ans: (1.05 x ae m:33 x 10°31 | 1 
17.12 An electron exist within a region of 10 -10 m, p E 
its momentum, uncertainty and the approx ied 
kinetic energy. 


Given h = 1.05 x 10% J.S and m = 9.1 x 10% kg 
Ans: (1.05% 10% kg ms" - 6.01 178 | 

17.13 Sodium surface Is shined with light of \ 
length 3 x 1077 m. If the work function of W a: 
2.46eV, find the K.E of the photoelectróns 

also the cut off wave length le „2ER 
(Given, 1eV= 1.6 x 10719 J) $ N 


Ans: (1. 68eV, * 


17.14 X-rays of wavé length A are scattered ron 
bon block at an in angle of 45° witht resp 


(G 
ang 
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715 if the electron be 


celerated by 10 O0 p 
wave length? what vu sa rich 


Ans: 
7.16 Whatninimum energy Photo 28 x IN By 
rve an ob z A 
Ké ject of Size 2.5 100% used to op. 


Ans: (6,63 x 108 my 
718 Certain eee 3 of hydrogen atom have a lif 
€ 


time 25 x I0 s. What will be the minimum un- 
certainty in energy? 


Ans: (2.65 x 10715 y 


17.19 X-rays are scattered from a target material The 
scattered radiation is viewed at an angle of 90° 
with respect to the incident beam. Find the gr 
ton shift in wave length. 


Ans: (2,42 x 10%) 


17.20 Find the A of a pi 2. 2 with a 
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THE ATOMIC SPECTR, 


Introduction 

The” subject of atomic spectra deals 55 4 
measurement of the wavelengths and intensities x Uno if 

t 

electromagnetic radiations emitted or absorbeg by ato t a 
A typical arrangement for observing emission in RN N 
spectra is shown in Fig.18.1(a). The source/S may be e 
electric arc or spark or an electric discharpe Paksın 
through a monatomic gas or a heated salt of the Male | : 
al. The light emitted by the source after it pa N 
through a system of lenses and collimating slits, falls on 
a prism (or diffraction grating). The prism disperses the 
radiation and different wavelengths are recorded at dife 
ferent points on the photographic plate. The impression 
on the pHotograph.c plate appears as lines (because of 
the rectangular slit in front of the source) corresponding 
to different wave lengths. It is because of this appear: 
ance that the spectrum obtained is called a line spec: 
(rum, Line spectra are typical of atoms and each kind ol / 
atom has its own characteristic spectrum. The line spec 
trum contains a series of lines in the visible region ol 


the spectrum as shown in the fig. 18.1 (a). 


we mentloned about the emission spectra ol at 
oms. One may observe absorption spectra of atoms ÙY 
using the a ement sy a Fig.18.1(b). In : 
case, lgh 
throug 
ment u 
lysed a 
lines ag 
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Telescope Objective lens 
— k | 
“lens A eed - | 
RN . X. . 
* = ha, 2 « * 
7 y” arn 
— Pri 7 > 
7 sm wy 2 P en 
72 Ne Colimator 5 
sin | > 
— i 
`L 4 € . 
> Fig.18,1(a) E 


bunsen Burner 


Fig.18.1(b) 


18.1. The Spectrum of Hydrogen Atom. 


Experimental spectroscopy } has pe 
the middle of thes um. an 
that atomic 
defining 
Spectra, t 
Spectrum o 
lines shos 
Rydberg 


studied since 
UN was ld 
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Balmer's formula for hydrogen is 
nency 1 = CR (% Ys un... 
=2 and n= p +], fe 
where p p p+ 2 b + 3 


and R is a constant, From the elation e 
appears that the observed frequencies could '18 
as the differences between two term values be 
one term and R/n* would be other term. > Rey 
in Balmer's- formula, Eq.(18.1), is that with pe first ten 
natural to suspect the existence of a term 1 2. It. 
1906 such a term was in ſact ſound by Des Z 1 
a series of lines in the hydrogen spectrum in th 
traviolet, known as the Lyman series, with fr 1 . 
given by the ſormula: equenelez 


Frequency CR (1/1? -1/n2) A, ns 2.340... (18.2) 2 
And in 1908 Paschen found a series in the infrared gw N ry 
en by the formula by taking p= 3. = 

; q al 


Frequency I = CR (1/3?- 1/n?). n = 4.56 „ (93 
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pig. (18-2) shows these series 275 


At the end of the Nest 


eo ‚century. the significant 1 nforma ade 

Be poh was thatthe atom radiates fied E a 
vr form of sharp Spectral lines, and ae reque a a 

: Ropa fence. But this information stemea , 4 Tmanent cr e 

Arg, dae picture ol the atom proposed bat b N ar 

2, Wa explain experiments on the Scattering e Ay, a (1911) i 

7 cording to this model, the atom was ey a s. A 


of a massive positively 


electrons in orbits of radius of the order ool mage 
however, an electron 
of the nucleus would radiate 
at the frequency of its orbital 
is provided to the atom fromthe 
outside source so we expect the electrons to lose energy 
and slowly spiral into the nucleus, emitting radiation of 
continuously increasing frequency. But real atoms are 
observed to be stable in their normal state and radiate 
only certain discrete frequencies when excited. Bohr in, 


1913 undertook to solve this paradox. 


moving in the coulomb field 
electromagnetic energy 
motion. Since no energy 


= 


Bohr's Model for the Hydrogen A 


Medicos Hub 


0 a a 
which its orbital angular momentura y 
gral multiple of h/2x. “a 
in The total energy Of the | Temair 
l A 


and Eo is the permitivity consta 
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pe 9.0 x10°° N m“ c72, e electron 1. \/4ne ls Elven 
cular Orbit of radius r With the velos Tevoly Ema 8 
attractive force ts balanced dy the ce dg Coulomb 
Therefore a Pe m? 
l my 

1 e r 

_ = 2 
Ane 0 12 TF 
> (18.5) 
The electron revolvin around 


theory but instead it is ass 


umed that the total 
the atom remains constant. 


energy of 
The total energy of the atom is the sum of th 
nelle energy and the potential en e ki 


ergy of the electro 
kinetic energy T of the electron from Eq.(18.5.) Noa, 
„by: | 


T= 1/2 mv? 
e2 


5, (frome 5) 


(are J2r@ 8 (18.6) 


The potential energy V of the proton-electron sys- 
lem-also depends on r. We take the potential energy to 


de zero when the electron is infinitely distant from “tie 


nucleus. Thus, from electrostatic theory * NN | 
2 à X } 4 
Ve - E ** (18.7) 
Ane or * ) 4 


en 


J 


therefore. 
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In order to decide what particular val 
of circular orbits are permitted, It was ass a 
angular momentum of the electron must » ha 
multiple of h/2x, where h ts the same Planck egen 
which relates the energy and frequency of a ho San 
is the orbital-angular momentum, then according l. Ity 
‘hig 


assumption, 


Len, M2r 


where n has values 1.2, 3. oc. Since the 


tron of mass m is moving in a circular orbit of rag 
with velocily v, then 


Clee. 
lug r 


and from Eq:(18.9) L = nf where H += h/2 x 
e. WIT = nh, n= 1.2.3 


ss... 


solving for v and,putting in Eq. (18.5). we get 


n2 h 
r =4x, 2 where n 1.2.3. (18,10) 
m 


7 


which gives the radii of the “non radiating” orbits. For 
the ground state n=] and | 


4ne, fi" 
7 1 ns ( < Y 
11 =0.53 x 107! Y = 0; an A 


rom Eq. (18.10) 


quantum numbe 


Eq. (18.10) wege 
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m e? 27 N 
=z E, =- 9 7 
wih 32 ET REA? 
The only allowed values of the | 
given by Eq. (18.11) when n ta 1 energy are those | 
This shows that the energy 18 quantized Values 1.2 3 


A 


the values of 
ubstituting Various 
zA 11). we get. “onstants “in Ed. 
13.6 ? 
* e where nz 
n n2 1.2.3.4. Y 18 12) 


The state of the lowest energy or ground state 
corresponds to n=1, and its energy is-13.6 ev. The ener- 
gy of the electror, corresponding to n = 2.34... is given 
by 


E, = -13.6/4 = -3.40 ev 
Ez =-13.6/9 = -1.51 ev 
EA =-13.6/16 = -0.85 ev 


These energy levels can now be represented 
graphically in Fig. (18.4). The quantum numbers are 
shown at the left and the corresponding energies of hy 
drogen in electron volts are given at Ihe right. Note 475 
all the states from n = 1 to n = oo are bound s gone 
since they have negatwe energles. The he diagram ad Ar 
levels decreases 3 the top 0 of Ehe as il 
verges to zero for oo. Above ¿E AN 
energy states have posith 


Now according l 
tron jumps from an in 
State of lower energy i 
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280 Y 
emitted photon is from Bohr’s formula: { 
g | 
n=4 z 
n=2 E 7 

2 py 3 

2 Ve 
n=2 E 4 
Balmer d 

Seiries 10 
Fa 

8 1 

Series Fig. 18.4 N \ 
> | 
1 

Int 
Er- Er q 
v z Jul 
R J AN 
E; - Ef h 1 
(since h ==) Ty 
2xh Qn 


Substituting for the energies from Eq:(18.8), 
we have 
me? 


* C = 
v=c/: ez Bor a = 


in terms ol y wave number Y v or the mes A of the 
emitted photonis i 


E) 


F — 
— 


nr + aa * 1 
v = — = — ee eee cece 
anne, a = ) ----(18.13) 


Medicos Hub 


E me? 
Se 


he theoretical value of the 


281 
js t be 
gq. | En 13) can now be „tene "E Constant, 
pydspgen Seriép O NT TEN | 


[we put nr =2 2 m Eq 


ea aN 
a - 
- 
Y « 


This relation is identic 
for the Balmer series of the 
The value of Roo is Calculated to be 
which is in quite good N 
value of Ry = 1.0968 x 107m 
el, the known series of the hyd 
transitions in which the elect 
antum state n’. The relati 


1.0970 x 107m Ry. 

". According to Bohr's Tod: > 
rogen Spectrum arise from 
ron goes to a certain final “= 
ons for the different series — 
vnan Series y= Roe (1/12 1/n 2 ) where ns 2.3 — 3 


Balmer series Y = Roo (1/2? - 1/n? where n'= 3,4, dy 

Paschen series Y = Roc (1/32 -1/n?) wiere n W 

Brackett series Y = Roe (1/42 - 1/n 2) — 5. 67 ol 
Pfund sees Y Res (1/52 - 1/n? As n= 678. 


A hx: 
As ‘shown in in the energy lev ok ee 1 0 
the region extendssbeyond n h corresponds te 
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=- 2.17 x 1018 y 283 


=- 13.6 
eV. (Since ley. EN 
T *-Ox10.~19 
18.3. J) 
Example 
Find the shortest Wavele 


ngt 
me Balmer series and determine Eth photon emitted in 


its energy. 


Solution: 


The shortest wavelength 


Photon’; 
ries is emitted when the electron m othe Balmer se: 


ak 
paoc ton = 2. Therefore Ss a transition from 
2 1 
I/ Amin = R (142 -«)=Ry 4 


4 


3 eager jn 
1.097 x 10-7m-ı 384. nm. 


This wavelength is in the ultraviolet region and 
Brresponds to the series limit. The energy of a photon 
with this wavelength ts: 


E photon = he/Amin = 3.4 le 


This is the maximum-energy of photon m this se- 
res, since it involves the largest energy change. 


18.3... Excitation and Ionization Potential. 


The Bohr model predicts that the total energy of 
an atomic eleetron is quantized. For mple Es 8.11) 


Cited states. If an 
reaches one of its 
to have gone to o 
potential is defined 
moves the electron 
the higher state 
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284 equired to t 
nts of energy are r Ake 
5 een excited states Of the atom, the “eg, 
n 
tro There are many ways by which the elec 
can be excited to different states. If the at Of aa 


ted the € 
qu if the gas Is in an electric discharge en 
em which has been accelerated by the electric fren 


may hit the atom of the gas and excite it to 3 N 
state. The atoms of the gas when illuminateg 


sorb energy irom a photon and are excited. 


if an electron lying in the ground state of > 
atom is given sufficient energy So that it is raiseꝗ 0 the 
orbit for which n = ©. it will disengage itself from the 


atom.The atom will then become positively charged, i 2 


moves an anh N ſrom an atom. 


For hydrogen atom the energy needed to ionize 
Is 13.6 electron volts and the corresponding ionizatior 


potential is 13.6 volts. | 

Example: 18.4. 

{a What ts the longest wavelength of — 
sontzing a hyticogen atom? 

(ib) > Wat enexpy is mecsiied to ionize ah 


wg 


ia 1t from rom n = 110 n== So using 
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(b) The energy Tequireg 


1 
Photon in fa). Tt is is the energy Of the 


18.4 X-Ray spectra 


By X-rays, we usually mean 

electrom 

ation (light) which has a wavelength shoe thay ue 
0 


violet light though. there 

Ar is usually considered = = dee es ne 
orresponds to quantum energies of 1 100 key 
X-rays are produced if heavier 
arded by electrons which have been accelerated through 

ousands of volts. They were first observed by Wilhelm 
K.Roentgen in 1895, (and are also called Roentgen rays) 
using an apparatus similar in principle to that shown in 
Fig.(18.5.), Electrons released from the heated cathode 
by thermionic emission are accelerated towards the 
anode by a large potential difference. It is found that at 
suMciently high potentials (several thousand volts) a very 
penetrating radiation is emitted from the surface of the 
anode. These rays are of the same nature as light or any 
other electromagnetic wave, Th e X-rays are detected by 
Photographic plates, film, counting tubes; or more re- 


atoms are bom- 


ol E. ee t 
SCI 
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there is always a continuous. the X-ra 
strahlung d bren, 
11) and under certain conditions, there 18 Di 
a line spectrum, the characteristic s aq | 
Peetry, ly, | 
Mm, 
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ung í tinuous Spectra or X-ray Brempstral: 
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Furthermore, this — 
very nearly Independent of yy ae eney 287 


e 
electrodes were made, These P $- 
stood on the basis of duantum vations Which the 
strahlung spectrum 1a a result of thesis 
trons pass close to the as the g 


act 
c 
and slowed down (Fig, 18,7), “acle, they ag un es. 


Fig.18.7 


A positive or negative accelerated charge will ac- 
cording to classical electrodynamics. emit electromagnet- 
ic radiation.This is continuous X-rays brerasstrahlung. In 

terms of quantum theory, this can be understood as fol- 
“lows: for each braking incident, a quantum of light hv = 
Es = Es emitted. However, since the beginning and end 
states are not quantized-the electrons are free, not quan- 
lized, The process Is represented as 


all 
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erence across the X-ray tube w 
o ne characterístic of the target. mene 
called characteristic spectra and were investiga ir 
Moseley in 1913 by making each element in t by 
target in an X-ray tube. Thirty nine elements um the 
from aluminium 10 gold were examined in this ea 
X-rays were analyzed with a Bragg crystal Spectrom 
Mos! elements showed two groups of lines, one ; 
fess than about 0.1 nm called the K-series and cn 
greater than I nm and called the L series. We 
Fig.(18.8). The wavelengths of the L series were nh A, 
ten times as great as those of the K series. Fór ele ly 
whose atomic number exceeded, further series appeareg 


which were called the M and N series. 


N 
The characteristic X-ray spectra can be explained í 

from the principle of inner shell transitions. The elec. 
trons of an atom are ordered according to their arrange. 
ment in shells about the nucleus. Each shell has a cet 
tain maximum number of electrons. There is a rule at 
the number of electrons in the nth orbit is equal to 22 
According to $his rulc, there cannot be more man 

2.8.18,32,.... electrons in the orbits or shells. for 

n=1.2,3.4....4 These orbits or shells are called K.¿MN..... 
for n=1,2,3.4.....respectively. 

= 


| | X-Ray Intensity 


HALO 
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When highly ene 289 
electron from the K shell, eren. elect 
shell. This vacant space in pp urs a vac > Knock an 
electron from the L Shell ek Shen Is thea that 
an X-ray. This radiation, which 1. oe ing. 8 
target material, is labeled is form of 
the M Shell that Mis a vacancy ali 
energy as an X-ray called the asi el gives 
from the shells LM. N and so on age: These up 
to a series of lines Ky. Kg. 8 the K sh 
ries. When incident electrons So on called the K ok 
L shell, these are filled by electrons, Ay from the 
M. N. O. shells etc. These transitions give vir 
the first line of which is L The tien the L series, 
transitions is illustrated in Fig isha’ phy these 
¿closer observation each of the characteristic a tak 
bund to be composed of a is 


es called the X-rays ſine structure. the expk dea 


hich Is not taken up here, since this topic is beyond 
the level of this book. _ — ——— 


— — 
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M.ne3 
Line? 
Fip- 18.10 K n=] 
Example: 18.5 


Calculate the potential difference through whký 1 
an, electron must be accelerated in order that the shot 
wave limit of the continuous X-ray — spectrum shall be 
exactly 1x10 ‘m. a | 


Solution: 
J 
The frequency corresponding to 10"'m is’ given by 


>. ea 3x 10m S 
10% 
ho = 6 88 10% Js K & 1018 s' 199 x 10° 


=3x 10ʃ6 u 


211 


¿ue 


EJE] 
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V = 19.90x 10-10 
so s 4/1.60x 10-19 


18.6. Introduction to Lasera 1 


Lasers are one or the 
made nm “e second half of the Ortan dise 
ser is A device: for Producing twentieth centu 88 
tonal, coherent and mono. | 
ro 
name laser stands for Light y do ai ght beams 
Emission of Radiatio: Differe 
state, gas. Semiconductor, 
ght at frequencies from th 


nt types of lasers: solid 


es. 


Suppose that a beam of photons of energy vh=E,-E 

is incident on a sample in which atoms are in HA 
round state. If the photons interact with an atom tn the 
ground state, the atom absorbs the Photon and reaches 
the excited state E, (Fig.18.11) as the atom was induced 


E2 E2 ; 
— Fig. 18.11 
Nude | AE 
hy E E 
— 
Bef, Ei hu 
ore After NN» 
E E2 
hv Ei Ne 
wu. Before | A \ After 
ho W | A 
W 798117 1 — “A 18.1 
| "U! 
Ei 2 
— rn 
Before Afler 


by the Photon to go 
known as stimulat | 


Medicos Hub if 
292 will fall back to the lower sta, 
excited state 4 mot of Externa ™ Sing, 75 
tion emitted is called spontane, "Wy 6 
PY 


pos the rad The emitted radiation is of range, “uy, 
sion (Fie ig coherent. The third Process is caga O 
ost ion. In this process. an atom in a, “tn, 
Mate Ez (PIE: 18.13) gbsorbe a photon Mast nu 

g.. This incident warez, 
tat the atom will go back to its ground Sate, and men 
by emits a second photon of energy hv. The two iden, 
photons emitted in this process-the incident Photon cn | 
the emitted photon are shown in the Fig. The engl | 
photon will be exactly in phase with the incident photon. 


18.7. The Laser Principle » 

Principle of a laser is explained by considering > 
that atoms of a material have a number of energy levels > 
and atleast one of which is metastable, the state having Í 
much longer life time than 108 s.We consider a three f 
level system as shown in Fig. 18. 14. The atoms are raised 
from the ground state E, to the excited state E} ‚They do 
not fall back to state E, because such transitions are 
not allowed.On the other hand, atoms in the state Ey... 
(which has a mean life of 10s) decay spontaneously to. 
state E, which Is metastable (and has a mean liſe of, 
3x 10% s). This means that the atoms reach state E, / 
much faster than they leave state Ez. This results in an 
increased number of atoms in state E, as compared to 
the number in Ef. Thus population inversion Is 


5 


— 


Fig 18.14 
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d. 
IE kr Population 
te 
the sta 2 Exposed to beam p 
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ersion 
In order a 


sustaln this process, some Mission, 

ed by conf in the to main. 
achiev’ ning the emitted States This 
sembly. The ends of which arè fu radiations in is 


end mirror is totally reflecting dle with mirrors N 

partially reflecting for the laser —9ꝙ de ay 
taken out. 

obtained 

of materlals including solids, liquids e > variety 

semiconductors etc. : BASES, dyes, 


We give a brief account of a typical laser called 
ser. 


8.8. Operation of Ruby Laser 


Laser action has been 


ruby la- 


spontaneous emission making the number of atoms larg- 
er than those in state E}, since E, is a as state 
which has ſts life time of the order 107. In | * 
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In practice, the ruby laser Is a cylindy; 
with parallel, optically Mat reflecting ends, one „ = 


Im 
Is only partly reflecting as shown In Figure. 18. > Whig) 
emitted photons which travel exactly in the ares 


the axis are reflected several times, and ther ant 

of estimulating emission repeatedly. Those Photo Capat, 
in the direction of axis leave through the sides, an 
number of photons is built up rapidly and leave * 


the partialiy transparent end of the rod, 


Flash Lamp 


Ruby Cry 1 5 Partially Silvered 
Fully Silvered — ~ Laser Output 
(Fig.18.15) 


High Voltage 


a > Sun 


1 z > — 1 2 Silvered | 


Pumping Radiation : i 
18.9. Applications of Laser EJEA | 


There are a number of applications of Laser tect 
nology. Some applications are as follows:- | 
1. Three dimensional images of objects obtained by 
using lasers in a process called Holography. 
2. As surgical 8 detached retína. 


Fully Silvered 
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18.2. 


18.3. 


18.4. 


18.5. 


18.6, 
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angular momentum (c) the linear m in 
the kinetic energy (e) the potential energy 
total energy for the Bohrs hydrogen i 
ground state. 

Ans. Ila) 5.3x10"!!m (b) 1. 1104. 

(c) 2.1 x 10°*4kgm/s (d) 13.6eV le) 27.20 y 


(113.58. eV] 

What is the wavelength of the radiation thar 
emitted when a hydrogen atom undergoes i N 
sition from the state n=3 to n=] ~ 


Ans.(103 nm.) 
Light of wavelength 486.3 nm is emitted by a hy. 


drogen atom in Balmer series. what transitions 
the hydrogen atom is responsible for this radı. 


tion. 
Ans.(n = 4.) 


in the hydrogen atoms an electron experiences a 
transition from a state whose binding energy fs 
0.54 eV to another state whose excitation energy 
is 10.2 eV (a) What are the quantum numbers for 
these states? (b) Compute the wavelength ofthe | 
emitted photon. (c) To what series does this lme 
belong. . | 

Ans (a) 5,2 (b) 434 nm (c) Balmer Serles. / 
Photon of 12.1 ev absorbed by a hydrogen alom, 
originally in the ground state. raisés the atom to 
an excited state. What is the quantum number of 
this state: al 


(a) 
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Chapter -19 
THE ATOMIC NUCLEUs 


19.1. Introduction Sy 


The beginning of twentleth century not Oly 
nessed the-successful development of atoms h Wit. 
sis,the old quantum theory of radiation by Planck . \ 
Einsteins special theory of relativity:these years 15 
marked the beginning of nuclear physics as a Dew fey 
of scientific activity. 

In 1896 Henri Bacqueral first observed the phe. th. 
nomena of radioactivity. A year after J.J Thomson ds. 
covered the electron. Later on Thomson demonstrates 2 
that cathode rays were constituted of electrons. in thi 
way the notion of the atom as the ultimate indivisible © 
unit of matter had to be discarded, and it became ey. 
dent that atoms Included electrons among their struc. \ 
ture, and these electrons could be berated by electro-n 

magnetic excitation as in a gas discharge, of 
Spontaneously as in radio activity. A 


In 1902 Rutherford and Soddy, showed that in fae 
dioactive decay an atom transform itself into_a differen / 
chemical element. This discovery led to the development, 
oſ models for nuclear structure, and after a period d 
three decades James Chadwick made another ‚break 
through by discovering the neutron which lald the foun 
dation of a nuclear model.na very small (of the = 
der of 10714m),roughly Spherical in shape,and hie". 
dense object,comprisin 


19.2. Nuclear Stru 


If the nuclet 
must argue what 


nts h is the ji ae 
me tom which 15 the lightest atom 


gen nie number Z=1, helium h 
ys? silver has forty seven electrons electro 
Zum has ninety two electrons and ce 
92 eto The increase of atomic Mass ed 
guggests that all atoms are simply 
e rogen. Thus the helium atom with Z= 
rotons In its nucleus, silver atom sho 
ons. ele in order to make 
charge. However, atomic masses a 
in steps of the mass of hydroge 
example, has a mass four times that of hydrogen, lithium 
“has a mass of about seven times ete, The proton is the 
nucleus of hydrogen atom. Its mass is 1836 times of the 
mass of the electron, and it carries a positive charge 
é-1.60 x 107*%C, 


Medicos Hub * 
jet us make a Study 
on. Of th 
pou 5 the order of their ato ö known Che is 
Mbers 


SE 


an 
mie n 2 


uld have 47 pro- 
the atom neutral in 
re not found to Increase 
n atom. Helium atom for 


One possible argument to overcome, the above 
discrepancy in the behavior of atomic masses Is that 
there may be enough protons in the nucleus to account 
for its atomic mass and several electrons may also be 
present in the nucleus inorder to neutralize the positive x 
charge of the protons that are in excess of the required. 
number. Thus the hellum nucleus whose ps N 
limes. that of proton, through Its charge IS onl SEL j 
be considered to have four protons and two ie 4 
This. explanation gets support from the ob 
nomena of beta activity n 7 ml a 
Mit electrons and whose occurrence < 
*plained if the electrons arts 
in the nuclel. 


However there ar 
concept of the existence 
8 objection against the 

(hat, inorder to ccni 


a mn [I 
300 
the electron must have an energy of about P 
whereas the observed energies of the electro 193 M 
activity is of the order of 2 to 3 Mev o ru in |, 
presence of electron inside the nucleus is “Pr Such the 
Sut, 
Nadwick, 


The problem was resolved by the c 
covery of neutron. The neutron has a 
greater than that of the proton and it Carles y, Lucht 
The term nucleon is used as a generie nas 0 
proton or neutron. The masses of the Prot 
tron art determined to be: 


m= 1.6726 x 1027 kg 
my = 1.6750 x 10727 kg 


Arge 
€ for tithe, 
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"A 
The atomic number Z of an atom is the r ) 
m 


of atomic electrons in the neutral atom; it is also 
number of protons in the nucleous. The atme m 
number A equals the number of nucleons in the nucle 
ous often called as the nucleons number, Since Z js the > 
atomic number (or proton number), the neutron number ~ 
N is therefore defined as N =A - Z., | j 


A nucleous is completely specified by any too d 
those three numbers. To identify a nucleous the conven- 
tional symbol is zX* where X is the chemical abbřevla. 
tion for the particular element. % 


19.3. Isotopes 


— 


The atomic or proton number 2 determings/the 
emical properties of the element. Many chemical ele 
men Aore acr jitoe than one value of the mass 
der e „For example, we have hydrogen, deuterium 


D m. 


ahi LIT) 
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All such nuclel hayın 
8 Same - 
are called ISOTOPES cz 
E the symbol 2m uteri aut ere 
pressed by ymbol “D ori Aa 
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of protons and neutrons 
As sho 
if a nucleous has an equal se ithe figu 
ro 
trons, its position on the graph will be tons ; 
This is approximately the Situation fo ON the 450 u. 
r 
isotopes of the Nght clements. As the Me: co oe 
er however, the number of extra $ number Es 
arger and larger. It Is to be noted that N an 5 Ue 
er than 2 inorder to achleve stability eng N de teat 7 
8 Ors * 


the very light muclel. Thus we conclude th 
contributeto th N gs N 
Gto the attractive förces that hold th Melon, a / 
logether, where as the in stability ts due to A Duc Cous N | 0 
Coulombs forces between the protons: As 2 y, "Pulsa I 
Creases an | + 


excess of N over 2 18 required in ord 

4 e ; 
> r to achieve Stabilt. 
19.4. Radio Activity and Nuclear Changes 


Radio activity may be defined as the sopont | 
Ous disintegration of the nucleous of atom a 9 


A 
> 


S. isa Self. yl 


disrupting activity exhibited by some na ong 

elements. The first discovery Sr a rio, aul ay 128 pa 1 
was made by Henri Bacqueral In 1896, when he Pant ¢ 
that Uranium atoms (Z = 92) emits radiations which PER 
penetrating to such an extent that uranium salts causts 
blackening of the photographic plates. This effect ap: vV 
peared intrinsic to uranium, because grinding, dissolving’ 
and heating the salts did not change the radiation elect, 
The radiations could penetrate not only paper but also 
glass and even thin sheets of aluminum. Bacqueral 
found that the more uranium the sample contained; the 
more intense the emitted radiations. Two years later, 
Marie and Plerre Curie (1898) succeeded in chemically 


isolating two new elemen ts. Pollonium {Z = 84) and Rath: 


um (Z = 88) w 
been den 
then 83 
were at 
radiatie 
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guferent types. 303 
This can be demonstrateg w with th 
the help 
xperiment Illustrated in Fig. 1 P of a sim. 
ple = 9.2 (a) & (b). 
Electric 
e Field 


a > 
* Magnetic Y 


1eld 


substance 


‚19.2 (a) Rutherford Experiment Fig.19.2 (b) 


A small amount of Radio active. substance 1s 
aced at the bottom of a Cavity drilled in a block of 
Lead. When the narrow beam. of radio active rays Is al- 
lowed to pass through the space between two 8 
plates as shown in fig. 19.2 (a) the path, of some o Y 
rays bends towards the positive plate and some I y 
sends towards the negative: 7 7 
flected by the influence” ol ciric “es 
plates. Similar effect is ob 
transverse magnetic field 
rays bending towards t 
they consist of positivel 
bending towards the p 
Charged particles. 


Z 1 ae 
| Medicos Hub Y 
304 Further experiments confirmed that the pais vd 
charged particles are nuclel of Hellum atoms an, 7 
articles (a). while the negatively charged 2 dal f F 
1 nd are called Beta particles (f), The 
n 


are electrons, 4 
deflected indicate no charge and are 4 


hich go un 
3 energeUe photons or the gamma rays. [ y), here, | 


Alpha varticle is Just a hellum atom with.» er 


ws electron removed. It has a atomic weignt Po of P 
number A = A. and the charge number Z = 2. The : 0 
particles have been identifed as electrons with More ela 

ergy as compared with the ordinary clectrong be N 
their origin is nucleus and not the atomic orbits, Use” 1 
gamma rays are electromagnelic waves of Nearly > ; le 
same or some what higher frequency than X-rays, 85 N 
alpha rays are ejected with a speed of one tenth lo Se , E 
hundreth of the velocity of light c. whereas the beta = >. 
ticles travel often with as higher velocity as about de 

fth of the velocity of light. The gamma rays being elec. . 
tromagnetic waves have the same velocity as that of the o | 


TA 


velocity of light. 
19.5. The Disintegration Of Radioactive Elements . 
A nuclear species corresponding to given values 
of A & Z Is called a nuclide and is denoted by E | 
where X is the chemical symbol for the particular ele- 
ment, e.g carbon is denoted by gC!? etc. N 
The muclear volume is directly proportional to Ay 4 
which leads to the important result that the density ol 
nuclear matter is essentially constant for all nuclides. 
The main cause of radio activity is the instability of nu- 
clides of heavy elements. The unstable nuclides in na- 
ture decay by the phenomena of radio activity taking 
place by the process of emission of a or ß particles 
which may be ace * e um- 
ber of a-p 2 
the de 
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Example 10.1. 
A nucleus consists of 11 protons and 


1 
trons, What is the conventional symbol of this nucleus 
N 3? 
Solutton 
Given that, there are 11 protons: hence th 


€ 
number Z is 11 From the periodic table-1he chemical ie 
of atomic number Z II is Sodium, whose chemical Sn nN 
is Na. The mass number of the nucleus is therefore: A bol 33 
= 12 + 11 = 23 Hence, the symbol of the given nucleys willie 0 
23 de % 00. 

Na | 
Example 19.2. ,K 
What element will be memes Sus to the emission, 
of B- particle from the nuclide PB 1 
Solution Y 
In B- emission the charge number Z is enhanceg T 
by 1 where as the mass number A remains unaltereg Ay! t 
Hence we have: A aa 


— 


B 
— 214 
aP 8241% or 33 


But, from the periodic table of elements the Ant 
chemical element with Z = 83 and A = 214 is bismuth * be 


whose symbol is Bl. Hence, the element formed in he Y 
given decay will be ¿3B1??, O s 
N A 

Example 19.3. AN 
Find the element formed due to the disintegration 

of gg RG by the emission of an alpha/particle. 7 


Sclution q A L 4 / Ä 7 1 I : | / I | A 5 
Since the a - emission Involves.a change in 2%) 
2 & Ab 
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= 222 is Rad 
86 and A on with 
ment formed will be as Rp??? Symbol Ra Heng 4 
; € the 
19.6. The Law Of Radioactive Der 
A 
The rate of decay in er y 
perimentally found to be dy y 
number ol parent nuelides pres, Propo 


Present 
cides Of a gwen species: men the 2. 
m 


tion AN occuringín a lime interval àt wil} 8 Clsintesra. 
N un a by} 


ele. 


Sign in E 
(19.7) is introduced to indicate the decrease in We 
ber N with time, the num- 


From equation (19.7) it is seen that HA js large, 
more nuciei will be decaying in the same time interval te 
the element decays rapidly. On the other hand if & g 
small, the element will decay slowly, The decay constant 
is a characteristic of the substance that decays and is 
absolutely independent of ali externa] conditions such as 
temperature, pressure etc. from equation (19:7) we may 
also write: A 


me number /of/ disiftégrations Por ás 
called the activity A and is taken — = nn 
Hence, from (19.8) the 
Pressed as: 


As 


The railo N/ 
where No is the nut 
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or starting time t = 0. Thus, if we plot the rela 

ty versus time we get the following trend of the m 
curve Mg. (19.4). 


No orginal number of necios 


Fai * 7 t} 
Fig. (19.4) 


The above curve shows that the radio active 4 1 
Cay process ls exponential in nature i.e the number oc A 
radio active atoms decreases rapidly in the beginning 5 | 
and then the decay slows down as the time l 
Erom this nature of decay we may infer that the activin | 
may be mathematically expressed In the following form:. _ 


5 N 
No 


= -Àt — SEN wa | 
* 19.10 N | 


where, e is the Natural Logarithm bas: Thus we 
have the following famous form of the exponential law d | 


radloractiveAlsintegrations:- b 
Neu / Ye 
r (1,11) A 

19.7. The Half Perlod Or The Half Lite Of The Radio | 


Active Nuclide ’ 


"aratinr s 
QL IT. IS 


radio 
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Using the mass of 9 3 U. the Tag, 
nd mass of Het „ 
f „Ra22? = 223.018 U a 4. 
of 88 007 Y 


where atomic mass unit (U) 1 defincd as one a 
the mass of an atom of ee. * 
The kinetic-energy ofthe a - Particle hay, 
ſound to be 6.04 MeV We may now Ramme hoy, bean 
facts agree with the rules, thes, 
1. | By adding the number of Huckeons òn hen 

sides of equation N. Hg , may 
no nucleus have been mereaseg > 
creased, i€ N 

A = 227 = 223 + 4. 


2. The total charge number SZ =\99 delatg 
and after the decay ic > 


Z = 90 = 88 + 2. 


3. The difference in mass before and afler 
decay is: 


227.027 U = 223.018 Y - 4.002 U = ome 
This mass difference corresponds to a/dure >) | 


de 


of energy given by : 


This energy of 6.517 MeV should show its 78 . 


Kinetic Energy of the decay product, It has deen ob 
servedhat a - particle come out with an energy bl 6.04 


parent difference h 
rules of the cor 
ainple this er 

energy of recol 


gí 
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volves the release of some e 

noted by the symbol Q, ios Is co Ah 
Nuclear physics it is refered to Si eh te 
action. If Q is positive, energy 18 Be 
tion is exothermic; whereas for ee an 
is required to de supplied in or cQ 


der to Te 
and the Teaction is said to be endothermic & reaction zo 


Example 19.4. 


Find the Q-value of the reaction, when 
makes a alpha decay. 


Solution 


94Pu?39 


The reaction in the above decay may be written as: 


239 — „He? 


The Isotopic masses in the above reaction are : 
92U25 = 235.0439 u 
¿Ec* = „4.0026 u 
ic sum of the masses = 239.0465 u 
Now, mass of 5,Pu?°? is given by: 
Pu??? 239.0522 u 
Change in mass (Am) = 239.0522 - 239.0465 
= 0.0057 u | 
Henee, the Q- value will be: 
Q = (Am)c? = (0.0057) 931 MeV/p 
| 5.7 Lb x 931 
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r atoms and subatomic particles 
ocities approaching Velocity of Tan ha | 
own, but Einstein «Du e 
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However fo 
accelerated to vel 
this approximation breaks d 


that 


- mm mm mum ee 
._— 
- 


in view of the mass variation formula 119.8) 
tein proposed that the expansion for the Kinetic x 
(K.E) of an object moving at high velocities dught N 
of the form : 4 

KE = im + mo c⸗ = (am) c* awe 


In other words, the change in mass of the obg > 
(Am), when multiplied by the square of the speed & d 
light, gives the energy of the object. Einstein showeg 
that equation (19..15) is applicable to any form of eneg- A 
gy. and this relation predicts that energy has mass. E 


This suggests that mass and energy are intercon. \ 
vertable and the relation provides us an equbwalenee ol Á 
mass and energy. | 


Example 19.5. 


The rate of radiation of energy from the same is / 
3.80 * 102° W. Determine the change in mass ol the sun 
and calculate the rate at which the mass of the sun di- 
minishes. A 


Solution 


ay P a 
* F 
>” 4 


4 ý á D 
A 9 5A * 


From the mass energy relation we have. 
E= (Am) c'. 


wher 
He 
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Ame 3.80 x 1920, 313 
or 9 x 10162 ¡1 = 4.20 x 10 kgs"! 


Now. one year Consists of 365 x 60 is 
x 


24 3 
Le 3.16x 107 % ycar 


mne rate of loss of Sun's mass will Be Given b 
n by: 
(Am) (3.16x 107 $/yt) 1.32 10ʃ7 K8/ yr 


19,10. Mass Defect and Binding Energy 


According to the accepted model of the Nucleus, i 
consist of protons and neutrons. But the electrostatic fe. 
pulsive force between two protons with in the nucleus 
¡105 m) Is so strong that) nucleus should de blown 
apart. But we observe that nucleus of elements with 
atomic number as high as 82 are stable. The gravitation- 
al force of attraction is far (oo weak to hold the nucleus 
together, There ought to exist a force strong enough to 
over power the repulsive electrostatic force. This is called 
strong nuclear force, Experiments using protons and 
neutrons as bombarding particles have shown that the 
strong nuclear force is independent of the charge. This 
nuclear force is stronger than the electric force. but is Wi 


fective only at extremely short range. 


Another interesting [gature emerges. when we 
measure the nuclear masses and compare them with the 
masses of the constituent nucieus in free states. TA 
mass of the nucleus Is always less that the mass e 

| nucleons nee in mass. 
constituent nucleons. This» difere fr pués 


m — 2 mis difference in energy 
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Mes 


104) DE Inn DE 


PR st 100 150 200 750 
ft can be noted from the graph that the binding 
= per nucleon increases rapidly at first and then 
«owl decreases as the number of nucleous increases 
nd about 60. Apparently the nuclei with largest 


binding energy per nucleon and hence most tightly 
pound are those in the middle region of the periodic ta- 
ble of elements - iron, cobalt and nickel. These nuclei 

e considerably less mass than the sun of the masses 
of their constituent nucleons. It would take a large 
amount of energy to pull the nucleous apart. For these 
elements the amount of binding energy per nucleon is 
over 8 MeV, The graph «an also be interpreted as a 
rough graph of nuclear stability. 


Example 19.6. 

Sodium ( ,¡Na?%) has a atomic mass of 22.989 u. 
Find the total binding energy of the sodlum nucleus and 
estimate the binding energy per nucleon. 
Solution 


1 is Z= 11 
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electrons in the structure of Na, we Must take the Mas, 
m rather than the bare proton — 


of hydrogen ato 
1 . 
Therefore the mass defect for the sodium nucleus will b. 


given by: 
11 tmass-of proton) + 12 tmass of neutron) 


«Tmass of ¡¡Na?) 
11(1.00782 U) + 12 (1.00866 U) - 22.989 y 


= 0.200285 U 
B.E = (0.200285 U) (931.5 MeV/U) = 186.6Mey 
B.E 186.6 MeV 
and B.E per Nucleon = TM — = 8.11Mey 


19.11. Nuclear Reactions: 

Nuclear reactions in which alpha and beta parti- 
cles are emitted by unstable nuclei were introduced ear- 
ner. These nuclear reactions are however spontaneous 
and uncontrollable, But they provided the first rich 
source of nuclear particles, which may be used to bom- 
bard other nuclei and initiate new nuclear reactions, 
One of the first nuclear reaction (artificially induced) was 
observed by Rutherford in 1919. He used alpha particles 
{obtained from radioactive nuclei) to bombard Nitrogen 
nuclet to produce an Oxygen isotope and energetic pro- 
tons, This reaction is as follows: 

¿Ne? > ¿He? (a-particle) — 0'7 + H? (proton) 

Oxygen Isotope 


In nuclear physics this reaction ts commonly ab- 
Te | ta e o - set U: the bal- 
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on 14.4 _ 
1741 = 18. Tm 


other ty 
wed as below: 


i Protons - Induced Reactions 


if Ithlum-absorb a proton’ two alpha pa 
and to be produced in the reaction. Particles are 


„Li? H (protony ——— Hef + uef 

Two alpha particles 
This reaction is of great historica] 
cause it provided the earliest experiment 
the Einstein’s mass - energy relationship. 


importance be- 
al Verification of 


2. Deutron — Induced Reactions 


High energy deuterons may be absorbed by 4 to 
produce two alpha particles ie 


¿L19 + ,H2 (deuteron) — ¿He? + ¿He* 

3. Gamma - Induced Reactions 
High energy gamma rays also have been found to 
induce nuclear reactions by a process which Is usually 
known as photo disintegration. Examples of such reac- 

lions are : 

| 25 1 
¡9AL?7 4" H? 4 y (50 Mey) 11Na2+ 2,H 
> ES? | Two 
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2 beta activities with different half lives. Four Year 
later in the year 1938 two German scientists Hahn 5 
Strassman showed that one of the radloactive element, 
produced when uranium is bombarded by neutrons ü 
the Barium isotope „ne, Soon after In the year 1939 
Frisch and Meitner suggested that in the above Neutron 
bombardment expériment the uranium nucleus under. 
goes a nuclear fisslon process producing „two fragments 


Ba!4! and KR of roughly equal size. puck a process 
s into smaller ſragmenis is 


of splitting of a heavy nucleu 
called Nuclear Fission. Each fission process also involves 


the production of some smaller particles also in addition 
to the bigger fragments. Typical nuclear fission reactions 


are the following: 
u235 > (pp U)’ sal 4 aekr89 + 3on! 4 N 


I 
Krypton. Neutrons, Energy 


on + 92 
Excited Barium, 
Compound nucleus. 


where, Q Is the energy released in the reaction. Thus the 
feneral scheme of the nuclear fission reaction is of the 


following form : 
on! + 928295 U >xX+Y+Neutrons + Energy (y-Ray) 


where, laU is the excited nucleus alter the 
capture of neutron. X and Y are the fission’ fragments. 
The fission process may be schematically represented as 
shown-in Fig - (19.6) below: 
OX 


An 

> YA + 5/40 
Heavy Excited Neutrons 22 
Nucleus Nucleus sn O ae 
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ed Into the reaction chamber. ¢ 
19.13. Nuclear Fusion A d 
From the binding energy curve Figg 
tion 19.10 we may note that nuclel with mass de ‘ 
less then 30 or 40 have smaller binding energie, Mber a 
eleon than havier nuclei. For example, the bing, F nu. 
gy per nucleon of Hydrogen is 1.12 Mev, whe 
a value of 7.07 MeV for Heliuin. This suggests t 
principle; a process inverse tofission ts Energ 
possible for lighter nuclel. Hence. the process in wh’ N 
heavier nuclei are formed from two Or more lighter o 
Is called nuclear fusion. The energy released in the le 
Sion of lighter nuclei into heavier nuclei is calleg th 


‘Dog 


ener. 
ith 
hat, 
Ucany 


ESTEROS 


* . 


2. 


nuclear fusion energy. When fusion taken place e, ? 
controlled condition the most promising reactions are A 34 


¡H? +,H? — ——. ¿He? ton! + Ó [=3.3 Mev) > 
and. ,H? +,H? jH? +H! + Q (4.0 Mev) 


Another source could be the direct combination dd 
a deutron and a tritor: to form a heavier alpha particle e 


1H + 1H2 — He‘ ton! + Ql=17.6 Mev) 

Triton | Deuteron Alphe particle 2 

Fusion reactions of this type can produce abun- 
dant energy. The raw maierial for the reaction is deuten 
which is found in abundance in world oceans as heavy / 
water. Fusion reactions are also.the basic source of en- | 
ergy in stars including the sun. One such chain reaction 
of fusion process is as follows; | => 


1 d A 
I, p. . 
1 a 7.18 - — 1 


(v) fs 


Medicos Hub 


small as compared with t a 

t 
En zero) that carries away the of electron or m ES 

med nuclear reaction, and energy 

Si conservation laws of — * the 
n that in a processes invo eg 
tegration energy is shared betwee 0 d the disin. 
neutrino and the recon Nucleus w ta p le 


h ‚ the 
ergy among three particles, Me division fen. 


The above fuston reactions meang th 
fect of the proton-proton cycle of de * 4 th 
¡s the conversion of four protons GH?) inte an 
ticle He“). two positrons (B*), two neutrinos (y) 
gamma ray photon, In this fussion process the e A 
of energy released have been calculated to be of 2 
der ol 25 MeV. a 


Pha par- 


Fusion of Hydrogen into Helium can also p 
fin another way. This is. assumed to occurs in the Sun 
and is known as carbon -Nitrogen cycle or simply Car- 
don Cycle. This cycle of fusion reactions was proposed 
by Bethe in the year 1938. In this cycle four protons are. 
converted into an alpha particle with Carbon acting as a 
catalyst in the reaction. The sequence of reaction taking 


place in the Carbon cycle are: 
sc? + HI! > INNIS, y (gamma Ray) 
Ia > ¿CIS4 BY + y (neutrino) * 
RADA H? > 7ni4 + y (gamma Ra) 


14, Hl i 
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which four protons ( ¡H”) nespia to form a P Fe 
Hellum (an alpha particls, 2He) and two nu, i Y y 


have found to be more than 26.7 Mev. There has a ( ps) 4 
concentrated effort to produce controlled the Sen a ig 
fusion in the laboratory on earth and some Progra Y 

ward it has been made since 1948, There Stems ess 10. y 


promise of Virtually unlimited usefu) Souree. o i ta 
through the development of controlled fuston reato Y y 
future. in f 
19. 14. Nuclear Reactors | e 
A seemingly in exhaustible source of ener 
locked up inside the atomic nucleus. A nuclear > AR 
reaction produces on the average 10% times more 55 ng 
compared to the energy released when a carbon atom in 8 
the conventional coal ſurnace combine with oxygen KS 
the air to form carton dioxide. | 
Thus, a great energy resource may be opened up E ; 
by the possibility of developing easier means to extraer | | 
the hidden energy from the nuclèus. Reactors are the y 
possible devices for achieving this objective. Different» 
kinds of nuclear reactors have been developed in our: 
present day world. Inspite of a number of possible varia 
ton in the design and components of nuclear reactors 
there are quite a few general features which are to ai 
most all types of reactors. These features may be sum 
marized as under: 
1. Nucleur Fuel 
A material consisting of the fisstonable (or fissile) 
isotope 13 called ‚he 
usedinare 
dance of O, 
and 239 el 
2. Mod 
In t 


90 
f 
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quantiles of heat for a small input a Af 

ing power. Pum, f 


In fact. no single ccolant possess an the f 7 
properties simultaneously, and the Choice of y N. $ 


he type of reactor. The materials lant Pa 


depends upon t 

monly used as coolants are light water, heavy Water y | 
uld metals such as sodium or sodium potasstum — f, 
mercury. Certain organic Iiquids and gases are ale ade ye 
as coolants. A 
4. Control Matcrials | A 


In order to control the nuclear fission in r 

suitable neutron absorbing materials are requireg to 
placed in the core region. The control material Should be 
such that it does not become radioactive by the Neutron “IE 
capture. Cadmium has been found to be a good contro; 1 
material. Because of its low melting point cadmium can © 
be, used as a control material at low temperature For 
higher temperature an alloy of silver with 15% indjum 
and 5% cadmium is more suitable because of its higher 
melting point. Boron is also a very good control material 
due to its very high melting point and iarge neutron ay 
sorbing capability. Some times Boron is mixed with stain- 
less steel, aluminfum or carbon is successfully used as a 
control material for some reactors. 


5. Shielding 


With the exception of reactors operating at ven 
low powers all-reactors, are sources of intense neutron 
and gamma ray radiations, These radiations are hazard- 

— w- AROSA en oe Zo oo 
ing in the 
such a pr 
cause its 
of c 


A 
„ a oe A 


Tun 
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ſound to absorb both neutrons and m 925 
a good biological shield. For reactors a rays and acts 


tion kn ing at high 
Own a 
shield is required ae te excessive heat 3 thermal 
he immediate neig urhood or contact of Produced in 
reactor. For the purpose of the the 


of this 
are requi 
the shield In contact with thé core 5 Prevent 
from any other heat dama ng 


Be. A few e V an NE 
> en 

or stecl very close to the core of thè Sear a of 
the required thermal shield. g Ovides 


15 Breeder Reactor 


In the natural occurrence of uranium, the-isotope 
gu”. makes up only pola. whereas the rest 99.28% is 
the other isotope 92U””. The least abundant isotope 
Due is used as the fuel for conventional reactors. If 
some how we could make use of „,U?® as a ſuel as a 
nuclear reactor, we could be better off in increasing the 
life span of the existing uranium fuel supplies of thé 
world deposits of uranlum orc. Due to this reason our 
interest in breeder type ol reactors has increased signifi- 
cantly. The far more avatlable isotope, P aii has been 


found more likely to undergo the following reaction: 
20 2 + on! 293Np99 + P+ wanti neytrino) 
9 Pu N A PY 


in this nuclear reaction 94 Pu?” Is an alpha emil- 
ter with à half life of 2/4x10* r. It is responsive toun- 
** * * ES der reactor 


TOY. 
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i ive and can decay into 92 US with the 
eto particle, but due to its long half ir Sigg 
quantities of, Pu?“ can be collected and used for larg. 
reactors where it fissions under neutron bombard. e 1) 
with tHe release of huge amounts of energy throu | 
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ss isot 
half life of 2.44 x 10° year. The isotope „Diss 1 4 


the following nuclear reaction: 

| l 

on > 82 290" + X4 Y y 200 NN 

Wheré, X and Y are fission products consisting ¥ T 
variety of isotope near the middle of periodic/ta à 

term breeder is used to signify that, starting wi x 


nonfissile abundant isotope “, we are able to bre 
a fissile nucleus „„Pu?°®, which can be used in a reactor Y 


to produce almost the same amount of energy as «q 
available from the fission reaction of y¿U295 < j 

There are however, still some problems of techni. y Y 
cal nature with operating a breeder reactor, which 8 À 
be resolved in due course of time. Another serious prob. 
lem is that g¿Pu?*%s highly toxic and is also a potent 


material for producing fission bombs. This is of course, 4 
matter of great anxiety and concern for many nations o Br 


the world. | 
r A NX) 
In aFast Breeder Reaction (F BR) more fissiónable 


material is produced than consumed by the» capture of 
fast neutrons from fertile material. In such reactors he 
energy of the neutron. should not be lowered to de- 
crease otherwise the, neutrons will be absorbed 88 slow 
neutrons-in the structured materials. Thus. use of light- 

elements | these reactors eg. Wa 


reactors is not a suitable 


2 
. 
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Blanket 
(u-236) 


Turbine Electric 
Cnerator 


7 
AA: 
2 u 
2 


Pump 


Reactor 


Core X 
u-2I36+u-238) Fin. (19,8) 


( 

From the above diagram it may be seen tha 
type of reactor Is Just like a conventional reactor J: 
that the reactor core is made up of 15 to 30% oe 
surrounded by a blanket of 221232. since the fast 
trons are more efficient in converting 920 to ace 
there is no need to use a moderator in this recia to 
slow down the liberated neutrons. Reactions in a fast 
breeder reactor are shown in Fig, (19.9). 


Surrounding Blanket (u-238) 


AA E 


Reactor core (u-235) 


5 
a 
G 


n =) ef ©) B-decay\ 
n | l 
e Ve 


Fig. V9.9) 
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point of safety? 


19.7 Both fission and fusion apparenily produce ener 
gy. How can you Teconcile this with the law of 


conservation of energy? 


When a photon disappear in producing an elec. 
{ron and a POSITION is the energy of a hots 
equivalent to that of the particles Produced? Ex. 


plain. 
when a neutron decays into a proton and an elec- 
tron, there would be a loss of mass. Could you 
tell from this, what would be the energies of the 
products and their relative directions of motion? 
Why do most moderators used in nuclear reactors 
are light atoms like hi. 1H? or 6012 to 81005 
down the neutrons instead of using heavler at- 
oms? 

Can a conventional fission reactor ever explode 
like a bomb does? Why? 

In a LMFBR why would you expect the radioactivi- 
ty of the Sodium coolant to increase with the life 
time of the reactor. 


PROBLEMS 


19.1. When the chlorine atom of mass number 35 and 
charge number 17, is bombarded by proton, the 
resulting atom disintegrates, emitting an a- 
particle. Write the equation representing the reac- 
tion, Ps — 
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s: 52 2% and 49 8%). 


19.4 The hal life of 104Po?10 15 140 days. By what per. 
cent does its activity will decrease per Weeks 


(Ans: 3.46%). 
If a neutron would be entirely COnverted into = 


topes (An 


19.5. 
ergy. how much energy would be produced» Ex. 
press ycur answer In Joules as well as electron 
volts. (Ans: +50 X 10" J. 942.0 Mey, | 
26 
19.6. Find the binding energy of5¿Te?*?%, Given: 


mp = 1.0078u,m, = 1.0056 u, 


my, = 125.9033 u and 14 = 931.5 MeV 
(Ans: 1.066 x 10° Mev 


19.7. If the number of atoms per gramme of ggRa??® yy 
2.666 x 1021 and it decays with a half life of 
1622 years. Find the decay constant and the at. 
tivity of the sample. 


(Ans: 1.355 x 1071! $: 3.612 x 10) disintegrations/S). 


19.8 What will be the maximum energy of the electron 
in the beta decay of, H® through the reaction. 


(Ans: = 0.0186 Mev) 
19.9 Find the Q-value for the nuclear reaction. 
„Car e ¿Cas 
(Ans:- 9.25 MeV) 
nergy released when two deuterium 


19.10. Find the c 
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NUCLEAR RADIATIONS 
a A 


20.1. Interaction of Nuclear Radiations with matte 
1 e 


In the previous chapter we hav 

ral radioactivity in which a and pB Da Ee va 

are emitted from the disintegrating nucleus of an Sek 

In nuclear fission and fusion reactions neutrons düd 

other particles together with certain radiations are emite 
ted from the nucleus. Moreover, interaction of high ener- 
gy particles (natural or artificial) with matter produce 
certain nuclear or atomic reactions with the emission of 
particles like protons, deuterons. neutrons and ionising 
radiations like y-rays from the nucleus and x-rays and 
ultraviolet rays from the atom. These particles and radia- 
tions have been studied carefully for thelr properties and 
effects which are as follows; 


(1) Alpha Particle 


It shoots out from the nucleus with a high veloci- 
ty (0.1x10% m/s). TH ssesses very high energy (7.7 


j Hub 
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a-particle). Thus metal sheets form good shields for a 
particle: The number of lons produced by an Q-Particy, 


lole 
or its range in air is a measure of its energy. Alpha par 
ticles produce fluorescence on striking certain Substance 


Ñ 7.2 ) ` 
` Í T A Ts ser > irid b p] Inge ynide 


(ii) Protons 


A protón is also a Positively charged particle with 
Propertles “similar to the a-particles Its mass IS öne- 
fourth and Charge is one half of that of an G@-Particlep>it fs 
smaller in size and carries less energy at the Same veloc. 
ity. Obviously, it suffers fewer collisions with the atoms 
of the medium as compared with the a-particle and pen- 
etrates the medium to a greater distance (about 5 to 10 
limes) before stopping. Its lonising power is also much 
less, about one-fifth that of the a-particle. The mecha- 
nism of lonisation is however Identical. 


(111) Beta Particles. 


A B-particle also lonises the atoms of the medium 
along its path but this fonisation is much less than that 
produced by an a-particle or a proton. The reason is that 
due to ts very small size the collisions are fewer and far- 
ther apart. Even in a single collisions most of its energy 
is lost. Head-on collisions being rare, it can fonise an 
atom by strong electrostalic repulsion when it passes 
close to its electron. The range of B-particle in a medium 


is very large, . 
the same ener 
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(iv) Gamma Rays 


Gamma rays are very high ener 


Ey electromagnetic 
radiations of extremely short wavelength emitted from 
Ti 


the nucle! of radioactive atoms originating from the high 
energy raton: * — nucleons m the nuclel. They 
are accompanied with the emission of a- or gB- particles. 
They carry na charge and have no rest mass but possess 
very high energy of the order of several MeV. They\pene- 
trate far greater distanee in material media ds compared 


neiraling Several centimeters of concrete 


Like ultraviolet rays and x-TayS,y-rays are also ca- 
pable of ionising even far more Strongly the atoms of the 
medium they pass through. Being a photon. a y-ray can 


produce jonisation in three ways: 


(9 It may lose all Its energy in a single encounter 
with the electron of an atom (Photoelectric effect). 


(11) It may lose only a part of Its energy in an en- 
counter (Compton efect). 


(111) Very few of very high energy, y-ray photons may 
impinge directly on heavy nuclei, be stopped and 


a Jal Kron pal 
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A neutron is essentially emitted from the nucleu 
of an atom. It is so called because It Is electrically neu. 
tral and carries no charge. Its mass is very nearly equal 
to that of a proton, Consequently, unlike charged Parti. 
cles it can neither experience or exert any Clectrostaty, 
force of attraction or repulsion, Therefore, it can Interact 
with an electron or the nucleus of. an atom only by direct 
impact. When it hits an electron, it knocks it out from 
the atom (ionisation) with practically no change In its 
own energy or direction of motion, However; when it hits 
a nucleus, appreciable changes in its energy and direc. 
tion of motion are likely. Nevertheless, such direct colli- 
sions are very rare. Hence a neutron is a highly pene. 
trating but very slightly ionising particle. 

It is evident from the above discussion that nearly 
all the particles and radiations fonise the atoms in their 
path. This effect, therefore, Is used as the basis for most 
of the detection devices, a few of which will now be dis- 


cussed here. 


20.2 Wilson Cloud Chamber 
Wilson cloud chamber is a device for making.visi- 


ble the paths of lonising particles. It helps to examine 
the mechanism of lonisation of various ionising radia- 


tions 2 a the produc 
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Lipht 
Fig-20.1. Wilson Cloud Chamber 
radiations. The piston can be Moved up or dots, 
Jever attached to It (not shown 1 y a 


nthe figure), 
) Before making the enclosed Space above the pls. 
ton airtight. enough quantity of a low boiling point rula 
such as water or alcohol Is introduced in the Space to 
produce its saturated vapours. A small quantity of the liquid 
stay on the piston. The vapour b 


{ a liquid usually con- 
dense at its dew point but the condensation never takes 


or lons—— which are essential to form the nuclei (cen: 
ters) of condensation. In Particle-free space the Saturated 
vapour may cool much below the dew point. Then they 
are called super saturated vapour. 


Under this condition 
If some ions are incidentally produced amidst these va- 


pours,condensation immediately takes place a round them 
forming tiny droplets. of fog which Shows itself when illu- 
minatedT | the cloud 
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With the above pre-setting of the apparatus, the 
piston is pulled down suddenly with the help of the lev- 
er. The saturated vapours cool down below the dew point 
Into supersaturated vapours. If an ionising particle or ra- 
diation passes into the chamber at the same time, the 
gas molecules all along its path ionise into a trail behind 
it. The super saluzatzd vapours mmedi: el, condense 
round these ion /hich be 
comes visible, 
track of the p 
photographec 


An @ 
duced are so 
tinuous 
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1 
ening enn e eee They Pror) * 
photoelectric effect distributed e uce lonisation b 
of the high . photoelectrons Pattie Space, 
tiny line-track in random directions like 185 them give 
ne overall eS of y-rays las also of De E B-particles, 
olet rays) Is that the whole region ays and ultray¡. 


- expo 
shows scattered dots and smal hose Sed to radiations 


and no well-defined line track. rig 20 An a like a fog 


Some 


Olten a magnetic field is app 
he cloud Chamber to cause the part 
the ‚deflection, tts direction and 
length and curvature of the paths, 


led vertic 
a 
| My across 


icles to defect. From 
magnitudes and the 


By this very 
method a number of particles have been discovered. 


20.3 Geiger Counter 


Geiger counter is a portable device which is wide: 
ly used for the detection of ionising particles or radla- 
tions.Fig.20.3 shows its basic construction. It consists of 
a hollow metal cylinder one end of which is closed by an 
insulating cap. At the centre of the cap is fixed.a stiff 
straight wire along the axis of the cylinder. A thin mica 


2. 
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Mica or glass Insular 
‘ Mor 


entrance . s 
window Wire Anode 3 Cap 
* 5 Particle 
Particle ae 2 In Ree 
Path Sng 


Fig.20.3 Geiger Counter 


When an ionising particle enters the tube Lhrouph 
the windcw, it lonises some gas molecules in ft. These 
lons are accelerated by the strong radial elea flelg 
producing more ions by collision wih the atoms and 
causing the ionisation current to build up rapidly. So y 
momentary surging current flows between the wire and 
the cylinder and through the resistor.R, Producing a mo. 
mentary potential difference across R. The ends of R are 
connected to a loudspeaker or an electronic counter, 
Thus each time a particle enters the counter an ionisa. 
on current pulse occurs which gives a click in the loud. 
speaker or a count in the electronic counter. The lonisa- 
ton current, however, decays rapidly in a small fraction 
of a second since the circuit has a small time constant 
and the counter is ready to register another particle al: 


most immediately. 


437 
energetic ionising particle (or radiation) passes 'hrough 
.n Junction region, a reverse current pulse Passes 


he P 
t he diode due to the ionisation of the atoms of 


through | 
the region. 
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Semiconductor Diode 


7 


To The 
Recorder 


- = = 


Bias Battery 


Particle KA 


Fig.20.4 Solid State Detector 


This can be made to produce a small potential 


difference across a sultable resistor,R, connected In se- 
ries with the diode and the battery. The current pulse so 
produced Is then fed into an amplilier and the amplified 
pulse Is applied to a loudspeaker or an electronic coun: 
ter which can register the number of clicks or counts re- 
Spectively as the Geiger counter. Fig. 20. shows the 


schernatic arang 


counter 1 
special £ 
it demar 
ference 


340 Medicos Hub 
20.5 Radiation Exposure 


The most common type of damage Is due to 
ultraviolet rays in sunlight. Ultraviolet rays are electro. 
magnetic radiations of frequencies higher than that of 
the violet rays, in the solar spectrum but lower than that 
of x-rays. They are high energy radiations capable of de. 
stroying living cells of the, body. They produce tann of 
the skin and sunburn by damaging the cells of the Skin, 
This damage, however, is of little consequence and need 
not be avoided as normally most of the ultraviolet rays 
are absorbed by the layer in the upper atmosphere, Ney. 
ertheless. with the modern pace of industriallzauon this 
layer may be depleted with other chemical vapors and 
gases resulting in the increased intensity of ultraviolet 
rays reaching us. There might, then, be an Increased 
dangemof the incidence of skin cancer in the human be- 
ings and animals which the rays can cause, 


In addition to the ultraviolet rays in the sunlight 
we are constantly exposed to other lonising radiations. 
All the substances in the earth contain atoms of the ra- 
dioactive species. Consequently, our bodies are all the 
time exposed to a low level of background radiations. 
The other sources of such radiations are the cosmic ray 
showers from space and the x-ray exposures for diagnos- 
tic purposes. Moreover, our food and drinking wa 


e - 


within a 
Besides all 
to these rz 
terials. It | 
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As explained in the Preceding discus 


radiations are dangerously harmful, though within a ce 
rain intensity limit their effects may be re r- 


pairable. The 
radiations and thetr different sources, both natural and 


artificial. are in wide use today. The interactions of radi- 

ation with living tissue are highly complex. It is known 

that excessive, exposure to radiations lke sunlight, x- 

rays and other nuclear radiations, causes destruction of 
tissues . In mild cases the destruction shows as the 

burn like the sunbum. A greater exposure can cause 
very severe lllness or death in a variety of ways one of 
which is the destruction of the components of the bone 
marrow which produces the blood corpuscles in the body. 
The apparently safe limit of exposure has been estab. 
hed under a subject called ‘dosimeter’. When exposure 
radiation is unavoidable, it must never be allowed to 
exceed the safe limit. The safe level of radiation exposure 
js also open to question. Available evidence shows that 
exposure to the extent of 10 to 100 times that from nat- 


ural sources is rarely harmful. 


Sion, lonising 


20.7. Effect of Radiation Damage 
A general reference has already been made > Sn 
fact that considerable damage can be ca! ed by u 


\ 180 


lonlsation 
may occur, 
duced in t 
reactions t 


Medicos Hub 
342 | 

All radiations lonise atoms and Molecules N 
knocking out electrons. The molecule may Split up O by . 
structure may alter such that Il elther fails to Perfor s p 
normal function or starts performing a harmful funy lts 
If too many molecules of the cell are damaged it May . 
altogether, The damage to the vital DNA molecules W 
of very serious consequence. The disruption of the cells e 
an organism may continue producing more defective Ge 
to the detriment of the whole organism, Thus? radiata 
can cause cancer, (the rapid production of defective cell) 
even at low levels or doses. Another effect of radlauon 
damage is the ‘radiation sickness’ characterised by nau. 
sea, fatigue, loss of body hair and so on. Radiation Can 
also destroy the components of the bone-marrow that pro- 
duce red blood cells, thus causing leukemia, the 80 called 
blood cancer’. Radiation damage from large doses may 


also bring quick death, 


Even more disastrous Is the effect of the radiation 
damages the cells of the reproductive organs of elther 
sex. Damage to the genes results in mutations which are». ) 
very harmiul. This damage can be transmitted to generar y 
tion after generation in the form of birth defects and ab» 
normalities. The effect of radiation including that of dhe 
X-ray exposure, is a cause of great concern. For this rea- 


son no one of the chíld-bearing age should be exposed lo / 


unnecessary radiatia ‚reaiment ol the reproductive or- 
fans. Children 
able to radia 
reluctant to Y 
absolutely 


20.8. Biolo; 


The a 
human being 
growing field. 
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(1) Their use as tracers. 343 
ir use as therapeutic 
(11) The agents in me 
as sterilizing agents dicine and 


(1) Radioactive Tracers. 


In biological and medical research radioactive iso- 
topes of different ‚elements, are widely uscd as (Pacers 
First a given compound is artificially Prepared using i 
radioactive tsolope.¢.¢ ec? or HY: Such ‘tagged’ mole- 
cules containing the radiolsotope are then administered 
to an organism in small doses and as they move.or un- 
dergo a chemical reaction they are traced by a radiation 
detector which detects them by the radiation they emil. 


In this way the details can be traced of how food 
molecules are digested; to what parts of the body of an 
organism they are diverted and how certain essential 
compounds are synthesized by the organism. Isotopes 
which are y-rays emitters are the best for this applica- 
tion. 


Tracer studies reveal that If a small quantity of 
radicactive lodine, 8 is taken in the food, most of it 
deposits in the thyroid glands of man and animals. If ra- 
dioactive calcium, 2gCa*”, is taken by man or animals 
orally or by Injection, nearly 90% of sits, 
bones oſ the youn 
viduals. Sodium 
body fluids, the 
can be.traced 


In plan 
als taken thro 
Sultable radio 
Ihe seat of pl 
food prepared 
Ing the plant 
Pared from r 


Medicos Hub 


344 
ion of the 
led auto-radiography the posit | 
ea phic film. In ihe au 


is detected on the photogra 

the leaf is firmly placed on a photographic plate un 
The film is darkened most strongly by the emitte 

radiations where the Isotope IS concentrated most PR, 


ly. 


Autoradiograph of a deaf of 
squash plant exposed to Co2 con- 
taming radio active sc atoms, 
showing abundance of eC? 
atoms in the blackened 
Photosynthetic green tissue 
fegion and their absence in the 
non-blackened region of the 
Veins 


Fig.20.5. 


The trace shows the distribution of carbohydrates pro- 
duced in the leaf from the absorbed carbon dioxide 
(Fig.20.5) 


(H) Radiation Therapy and Diagnostics 


The usefulness of x-rays in medical diagnosis is 
very well known. The rays can easily pass 22 less 
dense tissúes ol the Mesh and fractures ol 
pones. However 
dones and te 
therefore. give 
vody on a pl 
crack or fract 
can be mad 
welghs the s 
posure. How 
always be av 
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(111) Treatment of Cancer. 


No doubt that radiation can cause cancer, it can 
also be used to treat It as it can destroy rapidly growing 
cancer cells. Some of the normal cells surrounding a 
cancerous tumor are inevitably killed causing side effects 


characteristic of radiation sickness. 


Fig.20.6 Cobalt Therapy Machine. 

In treating a localized cancerous tumor a narrow beam 
of y-rays from cobalt-60 or energetic x-rays is often used. 
The beam Is directed at the tumor and the source is 
continuously rotated such that while the beam impinges 


on the tumor all the time, its surrounding region se- 
ncerous cells on 
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cancerous region. The intense radiation from the 


sotope kills most of the defective cells. Similarly, ar! 
ous affections in other parts of the organism may er. 
treated by using the radioisotope of an element ke 
special allinity to them, Ing 
The radiation treatment may Increase the Ur, 
span-oÍ a cancer patient but it may not be completely ef. 
fective. All the cancer cells may not be destroyed, Hence 
there is always a likelihood of the recurrence of the dis 


ease. N 
20.9. Radiation Techniques in Other Fields 


(I) Chemical Reactions induced by Radiations 


Chemical effects produced by radiations are 0 
great importance. In gases, liquids and covalently bonded p 
solids the effects of ionising radiations can be attributed 
almost entirely to ionisation or dissociation of the mole- 
cules. Consequently a great variety of products may de 
oblained from organic compounds by radiolysis Le. de- 
composition or dissociation by exposure to radiations. ° E 


Gases like hydrogen, carbon monoxide and car- 
don dioxide may be obtained by decomposition using ra- 
diation. Carbon dioxide and water molecules may synthe- 
size in presence of chlorophyll into carbohydrates. as in 7 
photo~synthesis.By induced chain reactions any mole- - 
cules of the Same type may link together to five bigge 
molecules or polymers e.g. styrene and ethyl 
ymerize into polys e and, 

The exchange ol di 
groups may occur bet 
together. This can be C 
„C'* atoms in one type, mi 
and then separating them a 
show radioactivity, exchange 


240819 
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Radiation-induced change of Practical im 
Portanc 
can be produced in the mechanical or physical Sop 
ties of some polymers such as Polyethylene which are 
due to cross linkages between the polymer chains. Irra- 
diauon of solids with fast neutrons or ions may alter 
many physical properties such as thermal and electrical 
ARE ductivity. hardness and other mechanical Properties. 
cm Radio Processes In Space, the Cosmie Rays, 


After ihe discovery of radioactivity, a source of 
ionising radiations, it was found that radiallon-detection 
instruments showed the presence of radiations even 
when not exposed to radioactive sources. This back- 
ground effect was first attributed to natural radioactive 
substance in the earth. The shielding of the detection de- 
vice oven with thick walls of lead could never eliminate 
the effect. Moreover, by removing the detection device 
several thousand metres from the ground. the effect in- 
creased manifold instead of decreasing. The conclusion 
was that a radiation of very high penetrating power Is 
falling on the earth from outer space. This radiation was, 
therefore, named ‘cosmic rays. 


347 


Early investigations were confined to the earth's . 
surface or to low altitudes within earth's atmosphere 
where the re | ed are, in fi pri- 


ofa » 
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mostly of protons, having very high energles : 

up to 10'8ev A small percentage of heavier sea 
also present such as those of He (15%) and C, N, 8 5 is 
than] %). less 


Most of the Primary cosmic rayS are Delieveg 
originate from the gelaxies, shooting out Constan 
showers in all directions and (Ming the space. The are 
accelerated to high energics“ by interStellar Magne 
fields. During the solar flares the sun contributes signif. 
cantly to the low energy (mostly< 1 Gey) cosmic Tays ar. 
riving the earth. During iniense sun-Spot activity the ga- 
lactic cosmic-ray flux reaching the earth decreases a bi 
which probably. is a magnetic effect. 


Mil) Uses of radiation 
(1) Polymerisation 


Many plastics, synthetic rubbers. synthetic textile ~ 
fibres.etc. much as polyethylene, polystyrene, polyester. 
so commonly used today, are composed of the polymefs,. 
of certain simpler molecules. The important characteris-_ 


whereas | ss-linkage increases it and 
physical 1 like hardness. m 
temperature L 

parency, etc. B 

with improved 


tant process in indi 
useful materials. 
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Sterilization and Food Preservation Medicos Hub 


Another useful application of radlation is for the 
on of food and medical supplies. Since radiation 
activates bacteria, medical supplies such as 
syringes., needles, surgeon's gloves, catheters, 
ruments and other l.ospital equipments can 
ed with a strong dose to sterilize them, in- 
af using old-fashioned high temperature treatment 
ay tiseptic-medicines. For the preservation of ſoods. 
IAE seasóoned. they can be irradiated with appropriate 
high dose before or after vacuum packing to kill the bac- 
teria responsible for spoilage. Similarly, milk can be pas- 
teurised and drinking water of town supplies freed from 
harmful germs by irradiation with suitable doses of x- 


rays or y-rays. 
am Gauging and Control 


(11) 


sterilizall 


In Industry when a material such as paper, cloth 
or metal is manufactured in sheet form by a continuous 
process ils thickness can be measure and controlled by 
a-beta-ray thickness gauge without interrupting the pro- 
duction. A bela-ray source is fixed under the moving 
sheet and a detection device above it which is connect- 
ed t ifying recording device, The reading of the 


tem can 
desired 
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widely used for this purpose. This is simply an Ken, f ' 
of the use of x-rays for diagnostic purposes of lon 
man body discussed in the preceding section. u. 


py 

(v) Radiation Methods in Archaeology d 
y 

t 

J 


Small amounts of the radioisotope of Carbon, cle 
are produced in the carbon dioxide molecules in the 
upper atmosphere by cosmic-ray neutrons» The hall. üg 
of C'% is about 5730 years. Assuming that the co 
ray intensity has not changed during the past 20,000 to | 
50.000 years, the rate of formation an decay of Q14 now 
must nearly be equal end the abundance of C14 and Cl 
atoms should be constant throughout the atmosphere. 
Carbon dioxide circulating through the atmosphere ts ah. 
sorbed by plants. From the plant kingdom it goes to the 
bodies of men and animals as food. Hence all living 
things constantly absorb some radioactive C!4 and are 
Slightly radioactive, the abundance of Cle in their bodies 
being the same as in the atmosphere as long as they are 
alive. The ratio of C!# to C?2 atoms in plants was found 
to be 1,5 x 10`}? before the use vu. nuclear weapons. 

When plants and animals die the absorption of C!4 stops 
while the disintegration of C™ in them continuous and 


dead body, such as wood, 
ured it can provide a clue t 
the time elapsed after its | 
the age of a specimen by 
carbon dating which has 
tool for the archaeolog 
nuclear explosions and 
turbed the constant ac 
and the living things 
dering this method of 
er systems of dating a 
radioactive isotopes of e 
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(vi) Activation Analysis 351 


The detection and estimation of 
an element 
mixture is sometimes nearly impossible Ut is seca : 
very minute traces or if its chemical pro > 
similar to those of the other elements in the mixture.A 
technique developed in rec.at years, called activation 
sis’ is found to be very effective for this purpose, 


Perties are very 


It is seen that If a mixture containing different 

ements is subjected to the thermal neutrons Inside a 

nuclear reactor for appropriately chosen lengths of time, 

some atoms of each element present in the mixture be- 
come radioactive beta-emitters. The B-emission from 
them is usually followed by y-radiation. The activated at- 
oms of different elements emit y-rays of different energies 
from which they can be identified even in concentrations 
as low as 1 part in 10%, The energies of the emitted y- 
rays can be measured by a y-ray spectrometer. This 
method is called neutron-activation analysis’. It has 
proved to be of great use in the analysis of archaeologi- 
cal and geological objects. Occasionally, charged parti- 
cles such as protons, and deuterons are also used for 
activation and investigation carried out by the emitted 

P-rays with a Geiger Counter. 

li 
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20.2 
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of the atoms? Explain. 

20.5 In what way does a neutron produces ionisation 
of an atom? 

20.6 Name the -different electromagnetic radiation. 
whicheare capable of producing ionisation of at. 
oms. By whät process do they usually.ionise? 

20.7 Why is lead a better shield against u-, B- and y- 


radiations than an equal thickness of water egl. 
umn? 

20.8. Lead is heavier and denser than water, yet what 
is a more effective shield against neutrons? Ex. 
plian why? 


20.9. In an x-ray photograph bones show up very clear- 
ly while the Neshly part shows very faintly. Why? 


20.10.In a cloud chamber photograph the path of an 
a-praticles is athick and continuous line whereas 
that of a B- particle is a thin and broken line, 


Explain why? 
20.11. Why do y-rays not give a line-track in the cloud 
chamber photograph? N 


20.12. A neutron can produce little ionisation: Is wer ` 
any sure chance of getting a cloud-chamber track 
for it or a count in the Geiger-counter» \ ` 


y 


20.13. A cloud chamber photograph al an c particle 18 
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or y-rays so seriously that he must have it amp 
u- 


tated and yet may suffer no other conseque 
However, a whole-body x- or y-ray rr 
so slight as to cause no detectable damage might 
cause birth deformity in one oſ his Subsequent 
children. Explain why? 


20.16. Which of the rays Sh a,B.or y would you advise 
for the treatment ol: | i 


(1) Skin cancer? 
(11) The cancer flesh just under the skin? 


(111) A cancerous tumor deep inside the body ? 
Give reasons. 

0.17 Two radioisotopes of an element are available one 
of long half-life and the other of short half-life. 
Which isotope is advisable for the treatment of 
patients and why? i 


20.18 Why are many artificially prepared radioisotopes 
of elements rarein nature. 


20.19. Can radiocarbon dati 
age of st 
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